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FRANCIS DUKE or BRIDGEWATER, 


THESE OBSERVATIONS ARE INSCRIBED, 
AS A MARK OF THE. | 
AUTHOR'S VENERATION 
| evi THE 


I Se | 
DIGNIFIED: CHARACTER, 


- 


TO WHOSE GREAT EXAMPLE 


THE CANALS OF THESE KINGDOMS 


. 


— 


OWE THEIR ORIGIN : 
FROM WHICH HAVE RESULTED 


MUCH OF 


F 


TEE COMMERCIAL AND POLITICAL IMPORTANCE 


” N OF THIS- 


EMPIRE. 


Newcaftle-upon-Tyne, 2797. 
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| CHAP. 1. 4 
LirTRODUCTION—and Deſeription of- various Means af lan, 
Aſcent i in 9 * Rivers: 4 — 3 — 

HRP. I. 


On the 3 Expence of forming narrow Canals with Inclined Planes, 
and wide Canals with Locks ; ſtating alſo their reſpeftive Advantages, 


and comparing the Conſumption of Water by Mr. Fulton's Plan, with. 


; : what. i is. UI for . — RY, e 4 
5 EE 
* where the ſmall 1955 of Navigation i is eee Propoſals 
ber its een — — bs lr * 
CHAP. IV.. 


On the Metacentre or Axis of Motion of Veſſels of à uniform Figure 


throughout their Length, ſhewing by ſeveral Thedretic Inſtances, to 


what Height ſuch Boats may ſafely carry their Cargoes—Alfo, on the 
Means of combining the Navigation of ſmall and great Cams = 


CHAP.. V. 5 


On the Kyptication of Wheet-Beats-and” Inclined Planes to 6 and 
VFW — WTO 


CHAP. VI. 


On the Application of Inclined Planes to the Great Rivers of America, or of 
+ the Continent of Europe, with Obſervations on the Navigation of Great | 


Rivers and Lakes — — — OY — 
N | CHAP. VII. 
Account of, and Remarks on the Chineſe Navigations and Inclined Planes 
CH. VIII. 
General Obſervations and Concluſion — - by 
2 CHAP. IX. | 
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THE Author's e Via at 2 contdetable es from the Preſs, he begs 


indulgence for the following Corrections and Additions : 


Page z line 6, 3 for il read . 
The Note in this Page was written before Sir G. Staunton's 


— * 


China was publiſhed; and as there is no mention in that work of the Chineſe 


with their inclined planes, that idea muſt bf coutſe' be * | 
e, tome x, read tome 4. r 15 


= 


Pa 9 
"4 al —— 


55 dien to the Note. 3 inclined 8 at Letley, the general Mete, Ag 
I was informed by Mr. Reynolds, is nearly 22%, and at the extremities 119: 


and alſo by the frame being raiſed * — the axle- tree a the ne — 
a tr 7 HE: + >. 


Page 9 line 15, for er trough 
28 1 11, for becauſe the read becauſe of the. - A . 2 
= 1 ee ee = . 


3 "63 in the middle column, for Palins dall. 


ee 
7 


37 9, for IA read e &. 3 - 


40 6, for refting power read Mui, er. r | 


57 3, from bottom, for e 1 

02 62 6, from bottom, for fo 

| 67 J, for article read wehich, 
„ a3; om anno, for tracked read tracked againſt. 


"8 10, for giving read given. ; Hg 
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nt of the Embaity 
uling cradles 


76. 15, for given r and line 21, for other read over. 


To RES might be-ad dded, ſeve 
rent for r. er to corte are ned. a 


ſmall ypographic errors, which being 
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: beſides which, 
the declivity of the boat was further reduced by a difference in the diameters of the wheels, 
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| A Direct intercourſe by inland navigation from the aaron, noxth ** north weſtern, and midland canals and manufaQories to the port of London, ſeems to be 2 project l likely to > be 
zroduftive of more public benefit than any thing of the kind that has yet been done in the kingdom, not only to the landed and commercial intereſt of the country through which it will paſs 
dut alſo by ſupplying coals at a cheap rate to ſeveral inland counties, where that article is extremely expenſive, and of opening from them an important ſupply of timber, coins; wool,. and 
Lyarnous raw materials effential to commerce and navigation, and by conſiderably reducing the price of carriage of all goods and merchandize b the north, nortit euſt, and 
midland parts of the kingdom, and the metropolis, which ſeems to be a great national object, inaſmuch as the increaſing population of the country makes it requiſite to deviſe means of: | 
Lavoiding the neceſ ay wig oe * quantity of waggon n are now wei in the kingdom, in order that more _ may be cultivated for the purpoſes of providing food.for * 
Kababitants, 4 
One horſe by the c _— will "rut as much as fixty by the — and the SEA for the fifty-nine horſes extraordinary requires at leaſt Four Hundred acres of land; 
With regard to the utility of the two ſchemes, of the Grand Junction and Hampton Gay, as to every point bearing north of Braunſton, it muſt be noticed that the diſtance debate 
by Hampton Gay to London Bridge, will be 127 miles, but by the Grand Junction only 103 and a half; and the ſame difference ariſes in favour of the Grand Junction from every part 
the kingdom north, north caſt or yorth weſt of Braunſton. The 193 between Braunſton and the river Thames, by Hampton Gay, will be 965 feet, but 155 the Grand Lane, 
only 796. | ++ ©, >. 
The uſual freight on the canals kw the tonnage, is 5 14d. per ton per mile, for periſhable, and 1d. for unperiſhable Pods and upon this ground; the average freight and = 
Wor general merchandize between Braunſton and London Bridge, by Hampton Gay, if the tonnage on the intended Hampton Gay canal is 14d. per ton per mile, will be 11. 7% 1d. per ton, -4 „ 
put by: the'grand junction, will be only 188. 4d. as the ſubſcribers to that ſcheme intend to apply for only 1d. per ton per mile, on general merchandize, and on many nie n, : 
lets, informuch that their rates of tonnage will be leſs than have ever yet been propoſed by any canal company in England. 


ſuppoſed upwards of 100,000 tons of general-merchandize will annually paſs on the Grand Junction . the difference * the expence of carriage on the two oli aboye Rated, 
1 4 ſaving to the public in favour of the Grand Junction canal, of no leſs than 44,7911. 138. 4d. 


de ſubſcribers to the Hampton Gay canal follow the example of the Grand Junction, and propoſe the fine rates of t tonnage, even then the faving of expence to the public * we 


* and vation canal, on 100,000 tons, will be 31,9791, 38. 4d. beſides the ſaving of time by avoiding the circuitous courſe by Hampton Gay. 
Tha erage land carriage-between Liverpool, Cheſter, ON, and the metropolis, is about gl. per ton. ; by the canals when the Grand Junction is completed, 
a _— ſaving ie he public detween theſe points, an every 20,000 tons, conveyed by water inſtead of land, 'of more than One Hundred 2 | 


i Jrom every fig place en eaſt . e of Braunen, and its Berg needleſs to igtroduce particulars. _ * 
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SEVERAL « ages probably chord bites the eli * mankind 8 


the introduction of highways and bridges ; theſe would be adequate to 5 


purpoſe, long after they united into nations, and became ſtationary in their 
reſidence; as they would fix themſelves in ſuch places where their wants 


means of exchanging the produce of their induſtry. But, when increaſe of 


numbers induced them to ſettle in leſs fayorable ſituations, and called forth 


their bodily and mental exertions; the neceſſity of reducing the yaſt charge 
of diſtant conveyince of heavy articles, would point out the eligibility, and 
eventually the means, of obtaining water carriage, in many places where 


_ rivers had not admitted it. Thus Canals began their exiſtence; at remote 


periods, in "the populous: countries of China and Egypt: ; and were adopted 
by the Romans in many parts of their extended empire, and were introduced 
by them, into this iſland, in the fenny country caſt of the river Trent. 


"Thoſe Canals were, neceſſarily, on long continued levels; and the com- 
munications, either between them or to navigable rivers, required land 
carriage. This inconvenience, during the courſe of numerous ages,” could 
not fail attracting the attention of ingenious men; and, accordingly, they 
deviſed various means 161 overcommg aſcent, both f in Rivers and Canals. 
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It, oe 64 ir object of umportahice. 1 60 io all fuch pro- 


greſſive improvements as have come to the 3 of any individual ; 


and to inveſtigate every new ,propoſition-z. as, by a fair diſcuſſion, many 


plans may be introduced to the extent they merit, which might otherwiſe ' 


takings :- aid, on the other hand, it maß prevent enthuſiaſm for plauſible 
ſyſtems from miſleading, and carrying away, their followers beyond what 


lie dormagt through prejudice, or the caution requiſite in all great under- 


. eee „ — 


No ſyſtem can ever nt Þ perfect, as to be 8 in the propriety | 
of application; and, therefore; the mode of overcoming aſcent and deſcent 
by Locks, which is, undoubtedly, a noble invention, and almoſt generally 


vuſeſul, is not without its limits, as to utility. Having conceded this point; 
Which every impartial man maſt do; I feel myſelf more at liberty to 


controvert the opinion thrown out by Mr. F ulcon, in his Treatiſe on the 


Improvement of Canals, that Locks will in future be found to be ineligi- | 
Dle in all cafes; and be ſuperſeded by ſome fire Kor to what he has 
| hid down. He 
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His it poſſeſſes much ingerwity ; but, Uke l is | neceſſarily R. 
mited in the proprĩety of its application: and the extent of thoſe limits i is 
what I ſhall endeayour to explain. $4 | | 


" Thoſe ho adupt a any favorite ſyſtem on a blech, 1 the | 
ad of experience to guide them, are liable to be carried away by the warmth, 


of their imagination ; and are led to apprehend they have attained a ſome- 


thing of univerſal application : To this alone I can attribute Mr. . Fulton's 


reprobation of Locks, ſo uſeful for facilitating internal N avigation, and 
Which the experience of three ® centuries has barely brought to perfection. 


Previouſly to * en of this period, and * to the r 
i, The 824 Lock was 3 ws 3 1488; ms Wend 


OY Padua. Lmmediatelyfafterwards the two. Canals of Milan, between which there was nearly 


„ prac com nw of 6 Logks, Trais cr Covene of Nevigaria, pay I | 
la Lande. 
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"AI 3 1 1 
_ ww} dhe communication between different levels' 5 of _ 
ground, by cataracts, or by rapids impracticable /tothaul-boats up; _ 


9 n 1 70 wy may effected various wb. nt mi mol Tot: 


+ 4 


MIT ww15C tor) od3 ni b 1sd8 16. ncifurd? 
Iſt. By portage of i the articles from one level to another, and 1 "Fa 
of the boat" itſelf," #5 is practiſed in various parts of North America for 
inſtance, at the falls of the Mohawk, the portage from that river to Wood 
Creek, and the falls of the Onandaga; and even in our on iſland at the 


Iſthmus of Tarbet in the Mull of Cantyre. This mode is alſo practiſed 


* 


betcheen Tarbet on Loch Lomond, and Arrachar at the head of Loch 


Long; at the Tarbet of Jura, and at all the other Tarbets in tlie Iſſes and 
| Highlands : : the word Tarbet is detived from two Celtic words, implying 
the drawing or hauling of a boat; it denotes a low narrow neck of land 
between two «wo waters, or two arms of the ſame ſea or lake 


- 


A d. By hauling the empty boats up the rapids when diſehieged of their 
cargoes 3 0 JO IVY the latter by BCA 19 en Bits %x 314 r 41 12 vr 


1 * - ; . . - 
* by 2 "= LEE et as 43 i245 i 11 14 18 


7 By EO Ng rapids. thenfclves as by contraction „ _— | 
where N WS 7 * hook op ne wu * 


real. ft af at 
Ath. By hola the water of a dei ara and letting it off ts 
oveaſion an artificial ot: as is PR ns on x che: Canteens. 
£1 4, I fg Ellis 
gt By Nb aux Nei or inclined ee wh en at ſhore 
diſtances, over which, by means of a water wheel, the boats are hove up 
do the ridge ſeparating the two waters (viz. a little above the level of the 
| higheſt), and is launched, or regularly let down, to the pool or level they 
are proceeding to. The boats in this method could not be very long, be- 
cauſe, although, in aſcending or deſcending the inelined plane, they might 
bear upon many rollers ; yet, in the change of poſition from the regular 
line of a 70 mul: ed hear WOK one Pl and be liable to 
- ie gin os, br) ent #*d: 5 55 d en 5 1 1 


The tale W be 6e Chineſe AN ' which, Wands is faid in 
emen è OO | 
42 lers. 
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0 80 The E ee by Mr. Leach, land . ce . 


theſe, works was at Ketley in Shropſhire, The 8 nen, was 5 
Peep coals, and about four hundred tons daily. i OSS 


vn pee Trete publiſhed in Paris in the year 1683. this 
| mode by rollers is, cular deſcribed, ad 6d th harr been Pa,’ 


- for ſome time in Holland, with much ſucceſs; and that there was à Con- 
en er e eee e ANY ee 15 


Treatiſe on Inland Navigation), who hys claim to the invention (in te 


year 1774), of connecting long continued levels, by inclined planes, which 


be propoſes to be double parallel planes; and furniſhed with rollers, on which 
caiſſons capable of containing water of ſuperior weight to a loaded boat were 


to move alternately up and down. The boats at the bottom level were to 


Hoat over theſe caiſſons, which, in their paſſage up or down the planes with 
the boats upon them, were to be full or empty as the circumſtance might 


require. 


The top of this caiſſon. is horizontal, and furniſhed with rollers, fo that 


when it arrives at the ridge, or ſummit of the inclined plane; penning up 


9th. The fyſtem lately introduced into this kingdom by Mr. William 
Reynolds of Ketley, viz, that of connecting, as in the preceding inſtance, 
different levels of Canals, of great intervening height, by means of an in- 


 clined plane, with two parallel rail-ways ; up and down which, by the aid 


of à rope paſſing over a wheel at the head of the plane, boats of 8 tons 


5 burthen alternately paſs upon carriages, over which they are floated at each 
extremity of the fall, The loaded boat (the trade being deſcending) 


draws up a light boat, or occaſionally a half laden one. The firſt of 


hors. According to Magelhaens (as quoted by Belidor; Architect. Hydraul. t. 4 p. 358 & 3 150 


the Chineſe method was to haul the veſſels by the power of capftans, or by the immediate 
effort of 4 or 500 men, up contracted channels where: the. water ran with great rapidity, 
| and was confined'by maſonry. He alſo deſcribes the dry inclined planes for ſmaller boats. | 


„Vain des 92 renart les Rivieres n wha r is alſo mentioned in 


55 | 
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1 „ 
EN? of 20 feet i in 8 6 6 widah, and | 


3 4 feet 3 mY and one horſe drew n * e * * | 
other by a few links of chain, ee art bp 


The chief difficulty 3 in going from a bier to a wits week, 1 5 
waſte of water, lay in paſſing the ridge, or dam, which retains, the wa 
at the end of the over En. . he overcame two ways. 


1 the firſt 3 which he carried i into effect hw: 15 years Hos. 
he avoided the aſcent from the upper level to the ridge holding up the 


water, by the means of two parallel Locks at the head of the inclined plane; 


into one of which the laden boat floated on its carriage; and the light boat, 


when aſcended into the other, was by the admiſſion of water floated off. 


The water conſumed i in theſe Locks was let into a ſide reſervoir, and in 


dry ſeaſons pumped back by a ſteam engine to the other level. Mrs Rays 


nolds has great merit in the i invention of this method. 


The 98 method... as | pragiiſed, at the inclined high blew "rs iron 
en at Broſcley, in Shropſhire, differs from the ſormer in having no 
Locks, and the boats being drawn upon the ridge by a ſteam engine; 


which alſo occaſionally draws up the light boats, without waiting for the 


e Ry e 
ee 5 which aſcend one deſcend alternately. 


The n merit yu; this invention, or, at leaſt, the firſt introducing it into 


. The wa (which was I believe totally unknown to Mr. Reynolds) is due to 
the late Mr. Davis Dukart, an Engineer in the Sardinian ſervice, who 
ſettled in Ireland, and became engaged in the Tyrone collieries. Theſe 


collieries are leſs than a mile North of Dungannon, and about three miles 


from the collier baſon, at a 2k of a Canal an by vi_ht Locks 


CR EE ST IIS 
applicable to ſteeper deſcents and longer boats; becauſe the frame of the carriage may at its 


_ deſcending end be elevated from the inclined plane to any extent; which if done fo conſi- 


ee eee ee tp tho; OP. OO ON 2 
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A Blackwater, near its oy Lao6gft Nengh,” Hs 
from the baſon to the colliery, was little ort of 200 feet ; and after at- 
tempting, very improperly for the particular inſtance; to conquer this great 
aſcent in that ſhort ſpace, by continuing the Lock Navigation; and finding 
the ſums granted by Government for that purpoſe inadequate to the de- 
fign; he turned his attention to fmall boats, and inclined planes;” of which 
he conſtructed three, connected by narrow Canals. The falls were ſeventy, 
ſixty, and fifty-five feet, which laſt terminated about 15 feet above the 
coltiery baſon; from which by a ſhort railway, his boats, again floating | 
over a carriage, were drawn onwards to the wharf, where the railway was 
ſupported on geers, or frames, and the boats were turned over to diſcharge 
their cargoes. They were calculated to carry, each, à ton of the meaſure 
the coals were fold by, viz: (about 27 cwt.) which they did at leſs than 18 
inches draught, ſo that kis Canal might be every where ann! er 
e N * 


S — * * ST —_- * 9 
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The boats were flat l ba 3 at the fides a . able 
width was 44 feet, their height 2 feet 6-inches, and 10 feet ſtraight fide : 
one end was ſquare, and the other pointed, ſo as to ſorm a right angle at 
the ſtem; and they went, e e EAI. FOR A 
. 1 ; Ls It 


His firſt attempt Aifered from the ce Packat aux - Rouleaine” ; in no beer 
reſpect than having a double paſſage down his inclined planes; ſo that, 
by means of a rope leading over a wheel, his loaded boats drew up his 
light ones :—but finding various inconveniences from ſome of the rollers | 
not turning, and from the individual inequality of the diameters of others 
throwing his boats to one ſide, as well as from other cauſes ; he ſuggeſted - 
and put in uſe, the method now practiſed on the banks of the Severn, of 
having a cradle or frame with four wheels, brought under his boats; upon 
which, over a double railway, they alternately aſcended; the ſole difference 
between the two methods being in the fize of his boats; and that, in place 
of a ſteam engine, he made uſe of a horſe eie to Lk his boats en the 
ridge e the VPPer. level. 8 


« * 
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This 


7) 
«0 This work wa executed a little prior to the year 1777; but, excepting 


in paſſing a fem boats by way of trial, nothing more was done, as Mr. 
Dukart could not obtain money to complete ſome: of the intervening levels, 


_ nd died ſoon after the time mentioned. The works were then entirely 


laid aſide ; and, a few years ſince, a common rail road, cutting off a con- 
ſiderable portion of the diſtance, has with propriety been adopted in their 
ſtead. | . 2 5 | 
knot ES ſopgeſted by. the: Earl of Stanhope in 19945 1 vis. the 
— different levels of Canal by iron rail- roads of a gradual and eaſy 


aſcent; up and down which ſmall boats were to __ op od between a 
ry oy 1 N 1 n 6 EE MELTS? 6 eit 


"gs The e loving invention, which: is likewiſe aferibed to his ge 
viz. the paſſing of boats, up or down an inclined plane, on rollers moving 
with the boats for half their length, in which ſpace the boats would paſs over 
them. The rollers are then to return to their places; by means of weights 
acting over pulleys, and connected by a chain to the ends of each roller. 
This method, undoubtedly, would be attended with conſiderable expence 
in the execution; but has the merit of getting quit of the friction of rollers 


moving on gudgeons. It muſt however poſſeſs the other inconveniences of - 


the „ Ponts aux Rouleaux. The moſt material of theſe are that the 
boats muſt reſt on a ſingle Wb in the convex part of the road; unleſs all 
convexity be avoided by having a lock at the head of the inclined plane; 
in which caſe the aſcent muſt be very gentle or the boat be ſhort, or high 
at the ends, to enable her to float from her reclined poſition. If the way 
de very ſteep, a frame oe the ow to reſt = and nds at the owes ends 
2 de Ne” WIR YI RK , 700 : 

* b of on ing nnen yollers ache to fuck « fre hi W 45 
geſted by Mr. Fulton. He propoſes to connect them, by the gudgeons at 
their ends paſſing through an endleſs chain, or collar, and thus returning - 
the 
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by having in place of one ſet, u ſet of rollers on each fide,” this 


- more width of boat is requiſite than four feet ; or more than two or three 


by an upright end, and two fide walls of m 


— but i this 3 as cloſe to each other us tαquiſite: — 


(with a regular declivity of plane and locks at the head of it) is 
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The Doctor, there, Ae that; for all the chad af. 


feet depth; and that the length might be indefinite ſo as not to be incon- 

venient” for aſcending and "deſcending between any two levels of Canal; 
which he'- propoſes to be done in the following manner, viz. that the 
lower level be run up: to nearly under the end of the upper, and terminate 
to the full height of the 


fall; with a pier in the middle, dividing the paſſage between the two fide 


diameter equal to the width of the pier, and half of each opening. A 


chain paſſing over the wheel, ſuſpends, from each end, a rect caſe 
To hung that when one ſhall be at the bottom ready ſor a boat to float 


into; the other ſhall be at the top, and cloſe preſſed to the wall or frame at 
the end of the Canal, ſo as to prevent the eſcape of water: then, by open 
ing a ſtop- gate at the end of either Canal, and 


containing the caſe; and of ſufficient depth to permit it to deſcend to the 


level of the lower Canal. From chis _ there ye AUTO FEE " 


wer den helge che Canal borer. ne Nr oh : 4By 
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| Theſe are the eric of the 8 7 whdits . * . 


Neem the e levels is * or ſo rep as to require 2 a ſnort 
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tunnel 


walls; into two openings of rather greater width than the boat: the two 
ends of this pier are to be elevated ſo as to ſuſtain the axis of a wheel of a2 


der at the correſponding 
end of the caſe, it is obvious that the boat may float in or out. The lower 
boat and caſe (or caſe with water only) are then in a kind of Lock, juſt 


1 


<5 * 
runnel to * or pit, ä 2 


on receiving ſuch improvements eee e by 
4 * for fall bound Wo Ts . man ee 

[now 2 &: 105 WP 32 3 
11 is * as. (et ts Se as: to ae de ere 
pences of high embankments above, of deep ſinking below, and of 
1 bane eee . ee n | 
eee | 2 1 


"Tith. Meſſrs. Rowland and Picasa, ms of cabling. pt <a 
| aſcend and deſcend with inconſiderable waſte of water. This conſiſts in 
having, at the head of the lower level of Canal, à pit ſunk as much below 
the bottom of it, as the difference of height between the two levels, added 
to the depth of a covered caiſſon of requiſite +»; This caiſſon, 
when immerſed in the water, with which the pit is filled to the level of the 
bottom of the Canal, is to ſupport, on wooden or iron pillars of height 
equal to the fall between the two levels, or trough or cradle, with gates or 
draw doors at each end; containing a ſufficient depth of water, to which 
the floating power of the caiſſon muſt then be in equilibrio and, conſe- 
quently, capable of el with caſe STIR as na and e of "we 


4 Hen {4 

"Wha he be of. hecho of he ande b devel wah; A0 the 
Canals, and the end of it cloſed againſt, the framing of the gate of the 
Canal, by ſcrews, or other means; and the water let in to fill the vacaney 
re the . ene e eee eee 

nme and aher Wannen = ke 


33 er may, if tte, be uſed for regulation 0 aho equipoiſe | 
and change of motion; the intermediate water between the gate of each 
level and that of the cradle, is all that is conſumed ; and with draw doors to 
the cradle and ſingle gates to each level, as already premiſed, the quantity 
muſt. be very trivial. The weight of water diſplaced by the bulk of the 
pillars ſuſtaining the cradle, need not be material ; and, where ifite, it 
is e to * 5 weights — op en ere 


en 
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This plans which poſes n nnn 
d nod carried into execution on the Elleſmere Canal, near Ruabon in Den- 
dighſhite ; on à fall of 12 ſeet, ancꝭ for boats of 70 feet length, and ſeven 
ee en eee e eee ed 69-17; ol 
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eee eee 
ciple; that of counterbalancing the cradle containing the boat by weight; 
which, eee WEI e e | 
m5 Rog 2 Bil 7 r | 8 | 8 . 
wt ek Mr. Weldon“ Cle Lain, or ame in which boats with | 
their-cargoes-are- to defcend, to a conſiderable depth, down a pit or well; 
eee eee nnn e ae and. to nen 
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- This method: is now SOR effect on n the Somerſktſhire Coal Ca- 
nal at Moncton Comb near Bath, on «fall of about 45 feet and for boats. 
reden . 8 OY r 

The eailſon, or cheſt, is eplindiie; is Me e n 

ſtrength to bear the preſſure of a column of water 54 feet, or upwards; to · 1 
which it is fubje&ed, when oppoſite the lower level; on account of the ne- 
eeſſity of its being covered when oppoſed to the entrance of the upper level. 
E i ſo balanced that when it has: ſufficient water within it to float a boat, it 
is of the ſame ſpecific. gravity as the medium it floats in: and, like an air 
balloon, it aſcends or deſcends by a ſight inereaſe, or diminution of its re- 
_ Iative gravity; which, in this. machine, is done by raiſing out, or admitting 
an inconſiderable quantity of water. The pit, in which the diving cheſt 
moves, has, oppoſite each level of Canal, a tunnel: or opening cloſed with: 
gates; and is ſo much higher than the / upper Canal as to contain a height 
of water juſt ſufficient; as already mentioned, to cover the caiſſon when 
_ oppoſite the upper level. In. this, or in its lower poſition; when run cloſe- 
to, and abutting againſt, the entrance, it is retained: by the water being let: 
W. e ee 9 of the level, * | 


1 - 
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„„ tai 
| dd of the calffon. Eb wen held there by tlie Nee 90 Waben „„ 
water intervening between the ſurface of the pit and that of te Canat to 
which it is oppoſed. The gates of the level and Canal are then 47080 

and the boat goes in or out; and, on the gates being again cloſed; and the 
water let into the vacancy,” the ding chelt is ready to proceed” 6e . 
other level. 8 +61 wa wo 9 of . FF | 78 AN | „ 
enn 7 N OLE Xe 35 84 N F 241 < ab W707 110 Ak 10 bs 
This ſcheme poſſeſſes, much N and may often be uſcfully ap 
plied.” It and the preceding one are ſecured to their reſpective inventors 
by patents; therefore I ſhall refrain from giving my ſentiments on che Te> 
5 Parate advantages of each, and from pointing out the inſtances i in lich e 
. either might have the preference of the other. In general, all methods of J 2 
aſcending and deſcending which fave water, where the want of it for other f | | 
purpoſes, whether for giving motion to machinery, 'or the irrigation i 
land, would be greater than the advantage the navigation would obtain. by 
the uſe of i it, muſt clearly be ſo far beneficial to the community. Fam: 5 


| \ 446" phe laſt method introduced to the ible, is the 0 with} has 
. principally occaſioned this Eſſay, viz. Mr. Fulton's * wheel boats; which, | 
when applied to inclined planes, he looks upon às paramount to all other 2 
modes. The novelty of this method conſiſts principally in having f wheels s 
-  -affifed to, or under: h, his boats; and in the deſcending and aſcending : 
boats each keeping their proper track; and not moving alternately 3 
oppoſite directions, as in the method practiſed at Dungannon and Coal | 
brook Dale, and as recommended by Mr. Leach and Dr. Hit | 6 93 
boats, he obſerves, may be of a rectangular form, and from 2 to 4-4 feet 5 
wide. Thoſe of che latter width which he particularly deſeribes, he re- „553 
to be a0 feet e e eee 1 
44 1 *> So #1 nd Abt 4 -* p „„ i 
„ neee meer , 
tages to be derived from ſmall Canals, 4to, with 17 plates, 4796s! - 15h — # {2 
1 They the thots Property trucks, vis: wheels betWeci whole Uikiihets, "Ut Wile df tel: 4 
dis, there is little diſparity, and conſequen 2 . 
to ſurmount any caſual obſtacle. | | | doe „ id > - 8 | 
„ In the title page he fays 2 to 3 feet. e 6 rank ; p ny 
2 | | B 2 | * them 5 NN 
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| .« feet from the ends, which will leave 10 feet in the centre.” Under the 
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denn bs carry four toms each. nnn. EARS 
_ « deal, bolted and ſcrewed in the uſual mode, and ſtayed at the corners, 
« with, two knees or ribs infide, exactly above the wheels, and about 8 


boat s bottom, he propoſes two pair of wheels of from 6 to 10 inches dia- 


meter; the axle and pair of wheels to be of one piece, and turn on braſs 


7 will draw a 8 


ral boats, to ſubmit to that inconvenience. 


or iron collars. Each pair of wheels are to tread only two feet, ſo as to be 
perfeQly clear of the ſides of the Canal: and, to prevent any i 
from their axle-trees, they are to be caſed. over with thin plank, 
a falſe bottom from one axis to the other. A boat ſuch as deſcribed v 
VFC 
wheels) be equal to a ſolid maſs of fir timber of the length and width of 
the boat, and 8 inches in depth; and, allowing for the iron work, will 
draw at leaſt 6 inches when light, excluſive of the wheels; and with 4 tons 
MOL e 8 IPO Pers 10,0 of agey 99 bs « Jon) | 


. Theſe boats r Aan 
2, feet, 9 inches water : and as there ſhould always be a or 3 inches to ſpare, 


their draught will be too great for * fords ; therefore bridges cannot be 
diſpenſed with. He propoſes, very properly, that the canal ſhould be 8 


every where wide enough for boats to paſs each other z which, of courle, | 
will be 3 or 4 feet more than their joint width of bottom ; cached 
F nn 
r 8901 1 Le 1 bor 551 
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1 m 
| NR eee 
heels would help them on; but it would not be adviſcable, a one horſe ſhould draw ſeu» = 


A n wheel I look upon 23 of far too finall a diameter ; but as, by ſpiking 4 piece 
-of board immediately over che wheels, they may be let nearly or quite through the bottom, 
and a larger diameter be admitted; I — RTIGEELNG 
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3 feet 6 inches, to make proper allowance for ſilting up i and g ſcet width 
of bottom, is c 
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As the great Aifparity of expence i: is a 188 argument, with Mr. F ulton, 
againſt the Lock Syſtem of Navigation; I ſhall, before I proceed, ſhew - 
how far that ſyſtem ought to be followed, or rejected, for the one he has 
recommended; and endeavour to prove, that in general inſtances, the 
diſparity of expence is not nearly ſo great as he has ſtated. For this pur- 
poſe, I will compare his plan with a navigation for 50 to 60 ton boats, of 
60 or 70 feet length, 14 feet width, and 4 feet 6 or 4 feet g inches draught 
of water ; a ſuitable Canal for which would be of 24 feet width of bottom, 
and 6 feet depth of. water ; wh ich would afford room, every. where, for 
two boats to pals, as their ſection would not be angular, but curved. The | 
diagrams 1, 2, 3, 4, and 1, 5, 6, 7, figure I. plate I. (admitting the 
ſlopes to be what they moſt generally are, viz. 18 inches baſe for every | 
foot in height), will ſhew the profile of each Canal, at what is termed 

level cutting, viz. "whin:@s level ofyhe grand is cqual to the furſice of 

the water. | + 


The 1 comparative 1 Viz. a, E + c, 2, 3 4. 4 „ and 
4 55 c, 5, 6, g, b, E, ſhew what they will be at 5 feet extraordinary 
finking ; allowing, at 2 feet above the water, 9 feet offset on the towing 
path fide ; and a berm of 3 feet on the other, to prevent earth tumbling 
into the Canal. The diagrams 8, 9. and 8, 10 in the ſame figure, ſhew 


een * 8 


; Theſe diagrams will be more or leſs pct hs ork according to the 
tenacity of the foil, and other circumſtances; but I have taken them at 


. * 
+ 5 n 


WEE 


1 18 ce un ok the ſoils of tie navigh 
- + «though when firſt cut, they will ſtand ſteeper; will g 
to 16 or 18 inches baſe, to a foot i in 3 at weh nope, looſe foil ill e 
tand when HOC = . by vater. 1 8 5 3 
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The ee comparative ann 40 e 2; Emer” TO the 
embankments of one fide of each Canal, where the furface of the ground is 
K feet, 6 feet, and 10 feet under the ſurface of the water. The line 2 3 
is the middle of the ſmall canal, and 4 e that of the greater, allowing them 
to continue of the ſame width as where their channels have to be excavated. 
They are generally wider in embankment, particularly in thoſe of end 
height; * which, ſo far, * operate againſt the Imall canals. 

- Theſe ſeven poſitions of compariſon are W. will aa aa ex- 
5 elle of greater difficulties (which will fill more N wie tems) e 
and 8 chat cauſe 1 have aſſumed them. n 2 3s n 1 


3: + 


At a given diſtanck 3 the 1 5-3 of mountains 0 
grounds of the valleys, a regular tract may be found, where, without duch „ 
ee a line of level cy be uninterruptedly carried. EF on N 


"The falls, 3 in theſe countries, a are e great 3 and minerals the 8 
[at ſole a articles of Orgs 4 
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The fides' of the mountains are alſo frequently too ſteep, and the ap 
dealer, to admit of wide Canals without great expence z therefore, under 
theſe predicaments, inclined planes and ſmall boats are moſt eligible : but, 
on the general elevations through which lines of Canal run, the country is 
oſten croſſed tranſverſely to the courſe of the ſmaller rivers; "and the ſur- 
face of the ground neceſſarily undulates ; ſo that no continued line of level 
* can be obtained, without immenſe * * cireuity, vize « without curving 


- 7 F. # * 7, 9 9 


20M According ts: Mr. Leach's account tis <= 47. ce ad edition of his works) the 
Atze from Bide Haven, in the Brifol Channel, to the navigable part of the Tamer fal- 
Ung into the Engliſh Channel, is no more than 28 miles in a direct line: but, by the courſe 
/neceffary to be taken in the ſeveral intervening valleys in order OR the Jevel, the 
V 


to * 
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4+ * 
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to the brow. of, every fe 


MO t of 1 and 1 up every 8 
until che proper level be regained 3 which, in itſelf, is ſo obyioufly. abſurd, Be 
| that no further reaſoning is requiſite to ſhew the neceſlity of frequently i 5. 
curring a fluctuation of more than 10 feet, above and below the line. oo 
ſpeak not of the vales of great rivers, which I allow may be paſſed by in- 
elined planes, deſoending to the valley and. rifing on the oppoſite ſide: but 
. 5 . were this to be done. on every ravine that i is to be paſſed, the i inconvenience 


| Ia th firſt kae. or ts EY be comparative . 
ſecti ons and conſequently. the quantity of earth a are, 1 | oy IP | 
Rn 5 feet extra ſinking, Ry woe - ] 221 | 482 
At 10 feet do. — — Y - | 491 p $64 
. Surface of ground 2 feet b inches under water line, -. | 17] 107 
wh. 8 Ep 2s feet do. ee e Rn” 4% 287 
FF 


From W it follows. that 0M the firſt 8 of level cutting, 
the quantity of the ſmall Canal is ſcarcely more than + one fourth of the 
greater : that, in the ſecond inſtance, it advances to more than four ninths ; 
and, in the third, to nearly four ſevenths ; ſtill approaching nearer as the 
cutting becomes deeper. And as the embankment, when even ſo trivial 
3/2 feet 6 inches, and thence downwards to above 0 feet, is is equal in 


by 


| the ſurface of the for ſubfidence. 
„ &<4*f 1 
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> The banks are TW FE, 10 1 wideh . ee. Eg 


3 


„3 edt en menranctte . : 
e becauſe the whole might be caſt out: but as the puddling (which in the leſſer | 
„Canal would 1 as 2 magenta . para. 1 eee 


boch Ca 3 at 10 beet 5 the ſame ;\ and, afterwards; not «Nencially pn Ng 

i favour” of the ſmall ones, until the embankments become very high: e 

fit may fairly be concluded, that in the common run of navigable lines, ſuch . A 
as deſcribed, the expence of cutting the Canal for four-ton boats wou „ . 

balf chat of a Canal for 50 0 or bo tons. ITE ᷑œDN! ! yl er 
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qd. The next expence 1 ſhall conſics is ihe” land; the Ai of 7 8 
which will be preciſely the ſame as to the towing paths, the flopes of te 
banks above water, and the outward flope of the embankments; the ſole 

ſaving being in the reduction of the water line: and taking the average in a 
' favourable ſtatement for- the ſmall canal, the land required will be three 0 
+ 7 e 9% the * | . „ 


. Brooks muſt de paſſed under the . ſmall canal 3 in common with the 
= ones ; and as the expence of the ends of the culverts would be ec 8 
in both caſes; the only ſaving, unlefs ſome excavation under low em bank. WA 
ments, would be in their difference of length, which, in the higher erm. 
| bankments, would be only the difference of the width of water, viz. 225 eo IR 
feet; and, under low embankments, where the culvert would 'require'to | 
-* +. "RR high as the depth of water in the ſhallow Canal would admit, the 5 
ſaving in length would be 30 feet, viz. the difference of width of water . 
added to the reduction of the width of the embankment o tlie level of he 
culvert. If, in this inſtance, the culvert under the deep Canal be either 
ſyphon formed, or raiſed at the upſtream end, the diſparity of length would _ „ 
be leſs; but the difference: of es excavation | in favour of the ſmall {onal has Ts $54 
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8 Meds ee So 


| e re into his ſmall Canals, and — 
inlets; but this ſcheme, beſides inevitably filling his * hay with ſand and gravel, would i in 


T great goods render it impaſſable, and overflow the regular height of the banks z\and alſo / Uh 
would CE A EE NT IE CEN” VVV 
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nearly one third ; and, aſſuming it as ſuch, the expence of; culyerts under 


Ee « 1 7 5 
alſo 10 be taken into account. The OY upon an average. will be 


the ſmall Canal will be * of what would be e 8 the 


8 other, RF £2 i 2 FT: #3. 1 1 
4 L * * = 
; 
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sth. The next point of conſideration is bridges, which, in common 


with the others, will require towing paths; and, therefore, ought not to 


be leſs than 10 feet ſpan, and muſt be of ſufficient height to, let the horſes 
paſs under. A boat of 14 feet beam (viz. 10 feet wider than the ſmall 


ones) will require a bridge of 20 or 21 feet ſpan. The wing walls, and 


towing paths, will be common to them both; and the foundation and pa- 
rapets being taken into account, the bridge will, in the ſmaller inſtance, 


average about fqur-fifths, of the greater; but as a reduction in height will 
diminiſh the thickneſs of * walls, the We expence may come to about 


One 0, 2 ; : 2 | ; | 2 I" 


_ «6th. In the RE run of countries, FRY as 1 have- deſcribed, the fall is 
> often ſo extremely progreflive that, even where water is in ſuch abundance 


as to. induce. the parties to build double locks wherever the fall ad- 


mits, they are frequegtly neceſſitated to build locks of moderate fall, to 


avoid a long embankment on the one hand, and a continuation of deep * 


cutting on the other. Under this predicament, they would be equally con- 
ſtrained to have inclined planes of ſmall fall, with all the apparatus that 
would be requiſite for great ones. The ſaving, therefore, could not be 
more than one third; but, on an“ average, I ſuppoſe it would be fully one 
| half; and under theſe premiſes, and the ſuppoſition of the ſame average of 


{£3 


„In bude F cen sd for ſmall Canals and inclined 1 org great fall, 
T will een the Hy to be four to one in * favour: of the farmer; as to _— and Went. 
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From theſe deductions ® it follows the ſavings in ſuch RS a1 Nie 


S vigation, deſcribed by Mr. Fulton, for four-ton boats,. in place of thoſe of 


60 tons. I will call the ſaving two-fifths; and then 3 to o examine 
NN mufl be . ir for that acquiſition, CC 9 


, 3 
b 4 


1ſt. The carriage, in a very conſiderable degree, of all articles that $f 
take 5 Cong 2. 22 wet f: becauſe the narrow boats of 20 feet oth, 


4 ">. G n 14 . 3 bd - 9 * f 
* * ” 3 2 


not taken into account, becauſe, where any conſiderable portion of a Navigation muſt be 


extent of it, the difficulty of execution, and the objects of purſuit. 


eaſier diſpoſal of which forms the general inducement for landed proprietors to encourage 
Canals. From this cauſe, and the creation of demand for internal products of the earth 
that might otherwiſe lie dormant, and from the conveyance of lime for manure to parts that 


Navigation than the adventurers who incur the charge of the works, and run the riſque of 
their failure of reaſonable ſucceſs ; which although dubious to. the latter, can neyer be ſo 
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| phopihrnlitints expence in paſting vally, 1 will now proceed to a denne 


”e the per war 4 333 ; 
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Iſt. Cutting, viz, Sinking and embanking, -| = I 2 
ad. Fi encing and gravelling the trackways, 6 ©. by” * 
bo nk oor oh the Wh Dor gov ans 16 
th. Culverts, &c. 323! ᷣ CLR 
th. Bridges © UL 3 1 5 
6th. Deſcent and aſcent, N. E ; Sx | W 2 


. premiſed, will be very conſiderably leſs than one half by adopting the Na- 


” Hi iN M 80 kl VEAL wie dnt; but this is 


ſubterraneous, that circumſtance will demand ſome reduction of width, accordant with the 


+ Under this deſcription muſt be included grain, the chief 3 of. the wat ou | 


could not otherwiſe eaſily obtain it, the landed intereſt receives more benefit from internal - 


to 1 land- owner; ; as, by means of W diſtant and unfayourable fituations come under 
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J „An dn urg erinſverle lies over the wheels, would, eee abe, 


witer from the change of poſition of the boat, on aſcending and deſcending 


to damage the goods; unleſs the ceiling were raiſed * de ends, 685 : 
whine hr eo arts 


7 Af 2-2 „ — * 
: 


| in water over their gunwales, notwithſtanding their tarpaulins, unleſs they 


to keep them off, which would be far too expenſive. At Ketley, they had 


their regular courſe, which enabled them to go forward in moderate wea- 

cher; but to navigate, in any ſtrength of wind, they would, if even they 

had rails all the way, require the aid of men to enable boats that were going 
oppoſite ways to paſs each other. Or, otherwiſe, they muſt track their boats 


cus ee cf Hite u Wye wick Ot WIE be He 


"light in which have deſcribed it: the ſame oppoſition, I am inſormed, exiſted on the firſt | 
introduction of turnpike roads, the value of which has now been ſufficiently experienced z 


of 5 3 
C 209 


be very liable to ſtrain, ſo as to become leaky: and admitting they had a 
raiſed ceiling, which they muſt have for the carriage of dry goods, the 


the inclined planes, will run to the extremities, and be daſhed about ſo as 


2d. When boats, on the different Kwok: are POINTS Ty to ts care of 
different men, it will be impoſſible to fix under whoſe charge the damage 
happened, unleſs it became à rule to examine the boats at every Place of 
change of men, . would be attended with too much delay. 


difficult to prevent pilferage of 822 and n en. | 


* Whenever the WL blew hoes * ET would PR liable to. HEY 


were battoned and nailed down as in ſhips hatchways : and, in every croſs 1 
reach, the ſtring of boats would blow aſhore without a man to every boat 


rails projecting into the Canal, on the convex points, to keep the boats WW 


with fuch ſpeed as to rl 2 85 off the ber and bars wore have very 
few to 2 horſe. N . EN. 5 


frequent oppoſition from that quarter, and the ſupport that ſuch oppoſition meets with, 
clearly ſhew, that gentlemen of landed intereſt do not in general fee this advantage in the 
and the ſuperior advantages of Canals cannot fail being ſoon as generally known. 


TOY 

Ine wits it would be difficult: for e e Gree het | 
them 200 feet long, viz. 10 boats! as propaſed by Mr. Fulton.” Phe c- 
tion of water oppoſed is but ſmall; but the ſorm of the ends of the veſſels is 
that which gives the greateſt reſiſtance; and they are oſten repeated, which 
muſt produce a conſiderable effect, although one veſſel ſallows in the wake: 
of another. Further cauſes of reſiſtance will ariſe from the line of boat 
frequently forming a zigzag, and from their vaſt ſurface expoſed to the 


water. The whole of the effects combined ors 1 not een to enn 5 5 


tion, and muſt depend on . e offer ont 


| gith Packs of hemp and wook ws Soni racks of toes! crates of 
3 and of glaſs, oak bark, bavins, &c. &c. would lie too high, fo 
as to overturn the boats, unleſs iron, lead, blocks of tin, or other ponder- 
ous articles, were carried at the ſame time; without which, theſe boats 
would not carry half their tonnage of light goods in any package ; the 
Staffordſhire ſquare- ſectioned boats of ſeven feet width, will ſeldom ſtow, 
without becoming top heavy, more than two fiſths of the weight they can 
carry, at a leſs proportionate depth 400 the Dons. in ee muſt be 
* to, to OE _ tons. 8 


In aden to the b end mentioned, theſe t boats cannot 0 
either long or crooked timber; the former, if of fir, may be floated : 
but the latter, if of heavy wood, will fink, and cannot eafily be mana- 
ged. Neither would theſe boats be very ſuitable ſor the conveyance of 
quick- lime, nor would they carry (becauſe of their ſoon overturning) 
nearly their tonnage of wheat in ſacks, and ſtill leſs of rye, barley, oats and 
malt: I, however, do not mean to infer that they will not earry theſe latter 
articles at all; but only that the quantities will be leſs, nearly in the ratio 
of their ſpecific gravities ; which deficiency in tonnage may, in ſome in- 

ſtances, be compenſated by reduction of toll. This width of boat is, how- 
cannot be for N 


The eee will Wer carry their full tonnage of light 
goods, which circumſtance ariſes from two cauſes : the one is their form 
(as well as their width) which occaſions their e or point below - 

Which 
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: | we cat 3 . 
3 8 ich the joint weight of boat and cargo may lie widdout n FE | 
+" : be higher than in the other boats ®; and the other is, that they are ſunk, 
when laden, to a much leſs proportion bf their width: beſides which, when 
their dravghr of water is indefinite (as will further appear from the next 
ED chapter) the quantity of light articles that can be carried by boats of diffe- 
1 rent widths, but of ſimilar form and length, will be as the ſquares of their 
widths; therefore, a boat of four feet width, in place of carrying half as 
PP e 
the ſame Mou. and but a ninth of one of twelve feet width. 911 N 


—— — — 


Sth. The POE EF of cle removes the reſporiſbility and, as 
boats are frequently wanted to navigate both canals and rivers, which 
cannot be done by the ſmall boats, that degree of wee ee muſt an 
loſt, and the and -of be e | 


915 The Laban in point of: rotluRtion of Canal e i not, in ar- 
ticles of Rs. be e to the 1 inconveniences deſcri bed. 
| "His; now > ela my abi clone to oh univerſality of he 1 *. 
recommended, by Mr. Fulton, I ſhall proceed to notice the caſes wherein I + 
think it eligible, the ſteps I think-neceſſary to its perfection, and the means 
of © harmonizing the ſyſtem of internal navigation; which will not conſiſt 
in the annihilation of Lock Canals as he has ventured to prognoſticate, 
but in rendering the modes of conveyance in them all, as far as poſſible, 
f cConſonant to each other, Previous to this, I ſhall make ſome obſervations 
on the conſumption of water. In Locks there is this inconvenience. that, 
whether the boats aſcend. or deſcend, be light or laden, they conſume, on 
an average, a Lock - full of water; for, although in going downwards, they 9 
ſave. a quantity equal to the weight of the boat and cargo if laden, or of 
* boat dane if ns; in DNS of the blk of the any mou 


+ Res 4. Cine, uſed on ods FERN and other rivers, becauſe of the curved form of their 
1 tranſverſe ſedion, carry their lading higher than ſquare-ſeQioned baats of fimilar width, | 


| and are therefore IT af n vs MANED of r or F of other articles, 
7 — with . | | 
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| elde boat being expelled fromthe chamber, 0 on che [OLI Hoke 
the upper level; this is perfectly counterbalanced by the reverſe. taking 


place in the aſcending boats, on their quitting the chamber to entet᷑ the 


, upper level; conſequently, excluſive of leakage, which in well fitted gates 


18 very inconſiderable, We may eſtimate a boat to conſume a lockful in 
0 paſſing. any extent to or from the ſummĩit. Wherever water is ſearce, ie 


is common not to exceed eight feet falls, and to have no double Locks. 


The next conſideration is the depth of water in the Canal; for the greater 
the depth, the tonnage, contained in any Bee: with and length of boat, 
vin be the more: e ee 1 e i by 7 17 — W; 
Dag 50 yollÞ 103, HORw 50 WIR $35. 
ws 7 wil 1 91 the . af Canal I have heretofore compared the ban 
ones with, viz. 6 feet, which will allow of boats of upwards of 4 feet 8. 
inches draught.” Theſe boats, when light, need not draw 16 much as 15 


or 16 inches water, which will allow 3 feet 4 inches to be funk by the 
-cargo. If the boats and locks be proportioned to each other, as in l 
i caſes of want of water they ought to be, the area of that portion of their 
height ſhould be at leaſt equal to three · ſourths of the area of an equal height 
of the Lock; conſequently, in this inſtance, 2 feet 6 inches height of the 


Lock (viz. three-fourths of 3 feet 4 inches), will be equal to the weight of 
the cargo. Therefore, in a fall of 8 feet, the conſumption of water would 
only be 37 times the weight of the articles that would be paſſed, up or 


” down, in place of the diſproportion he * ſpeaks of, viz. 13 tons of water 


for paſſing 25 tons of goods, inſtead of 80 Wot, tons ene as een n. 
N e that effect). 125 


OS "Where the deſcending trade 1 not bang up the e — ſup- 


poſes that, by his own ſyſtem, the weight of water conſumed * be twice 


* Vide Fulton, page 69. | | e 


+ The above clearly relates to a paſſage . way; but, if a boat paſs. a ſummit;- 
the conſumption of water will be twice as much; unleſs another boat paſs down with the- 
ſame lockful the former roſe with. And if boats paſs and repaſs a ſummit, laden one way 


5 only, the water requiſite would be nearly 13 times the weight of the goods conveyed": but. 


theſe extreme circumſtances are never permitted to take place wherever water is ſcarce. 
4 In ſome inſtances much more, Vide. Fulton, page 79. 
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+; FE NE TR LES | And cher wall he pats, by de dd ase 

—_— | plane deſcribed in chapter, xi.) deſcending on one fide of the valley, and 

a iuag on, che other to that or any other level will, of courſe, repeat the 

_ . preceding conſumprion, fo that the waſte of water may become as conſi— 
5 . derable as by the Lock ſyſtem, particularly if the method i by Mr. 

| 3 Dubie, in the laſt centumy, and deſcribed by Belidor, be put in practice, 

—_ as may, in ſome few caſes, be eligible, viz. the drawing off the upper half 

$ | of the height of the Lock into a ſide reſervoir, and the remainder into the 

25 DE lower level; ſo: that, in ing the Lock, the lower half may be filled 

= "from the reſervoir, and f half only be drawn from the pond, or level above. 
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1 Or, nearly the whole water may be ſaved by the Locks deſcribed i in we | 
| 8 a g articles of the preceding chapter. 3 
| 8 7 8 90 Dy "Mr. 25 has ſtated fy minutes as requiſite i in the malig « Lock a 3 


Which i in ſome 3 Is the caſe ;,but, where ſufficient Water Way is e 


to the ſlut | c „ a large 
OO ee, EO and» boat paſſed through FF 


| 1 ü (L. acluſive of the filling) in three minutes, which egrce of expeditio ö 
| | _ requiſite wherever paſlage boats are. an objedt. V \ 
= "+ aki MPR ah EP; ein as a reſervoir may be given 


5 „ n The ſubdiviſion of height of a chamber, may be extended to three or more, he 2 
ts | do reduce the quantity ſtill farther; but it would be counteracted by the increaſe of ex- 
| pence, and the delay in paſſing the Lock: neither will the ſaving be quite in the propor- 
| tion of the number of the reſervoirs, becauſe of the fluctuation of the level of their ſurface, 
Ee OE BD which will be more or leſs according to their proportionate magnitudes. | The method taken 
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Tar g Ittem of del Canals tis ey: aligble/i in wy countries 
where limeſtone, coal, iron ore; lead, and other ponderous articles not 


chiefiy to be attended to; and where the regular declivity of the country 
runs tranſverſely to the courſe of the Canal: which will generally be the 
caſe along the ſides of er at an n We the "OREN 1157 
at their fer. [8 n 
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In Won Wü dhe great « falls; or inclined PORE may be nd at 

| the forks' of rivers ; ſo that the upper levels may branch up both the 
- _ __ wales, and thus give the moſt extended communication. A on ſuited 
1 : for thoſe canals will often alſo be found in countries that are not abſolutely 
- maountainous, but * gd 12 1 declines towards the vales of 
8851 rivers. . | | e e e 

.* - Bridges, Whether of __ oy or r communication eee divided 
| "perry; form an eſſential article of expence, and may be' conſiderably 
-avoided'in the ſmall ſyſtem. © The only thing militating againſt it, in the 
wheel boats, is the great projection of their wheels below the bottom, 
which renders fords impracticable. The fords ought not to exceed two 


uniform, from the fords being paved, and overflows immediately adjoin- 


bridges, it would only be neceſſary to form a paved road obliquely down 
the bank on one fide, croſſing the Canal in the ſame direction, and ſloping 
ä Moy JJ up 
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liable to damage from being wet, or likely-to be ſtolen, are the objects 


feet nine inches depth; as, otherwiſe, hay, ſheaves of corn, &c. in com- 
mon carts, would be liable to get wet. The depth might always be neatly 


ing, which, to allow for caſual fluctuation, might be fixed at two feet fix 
inches above the pavement of the fords: then, in place of communication 


„ 


up the oppoſite bank. In country roads, wherever ee of the 
ground does not prevent, the dcſcent and aſcent may be more rectangular 
to the line of Canal, or in the direction of the road itſelf: in which caſe, 
| the water would extend eight or ten yards on each ſide, to admit of a pro- 
bs r lope to the road. In great high roads it would be requiſite to have 
It, conſequently,” becomes an object of conſideration to reduce 


NE their expence by having no towing-paths under them; and at the ſame time 


not to interrupt the regular tracking of the boats. This end may be ef- 
ſected by a mode ſomewhat ſimilar to what is uſed to paſs fmall-veſſels. 
through one of the bridges at Rotterdam, without either ſtriking their 
maſts or interrupting the foot paſſengers ; which is done by raiſing and 
turning back a ſmall leaf in the centre of the bridge of about a foot or 
eighteen inches opening, which opening the paſſengers ſtep over, and the 


veſſels maſt paſſes through it. The mode I adviſe, differs only in there 


being no neceſſity for a central leaf; as the bridge may conſiſt of two abut- 


ments, juſt fo far aſunder as to afford room enough for the boats to paſs, 


and of two permanent leaves properly ſupported, with an inch and a half | 
opening between the edges of them, guarded with rounded iron. This 


opening wou de no impediment to the road, and through it the rope (pro- | 


yetly guided. by a leading piece of wood or iron) would paſs without in- 


terruption. If che Canal be deſigned for heavy articles only, via. for the 


uʒſe of particular colheries, limeworks, or mines; then, theſe bridges would I, 
be of little charge “, as they might be low—but if paſſage · boats be in con- 
templation, the requifite height would be fuch, and alſo ſome increaſe of _ 
width F, chat che ſaving would be inconfiderable ; and it would, in moſt 

. ſuch inftances, be better to build bridges with towing paths over great 


| * They would cot little more than paved ford, and not limit the boats to fo. ſmall. „ 
draught of water ; therefore, unleſs conſiderable height above water be wanted, or confider- | 


| able width; pavet#fords are not eligible; and where they are not uſed, the wheel:boats may 
| have the nxle.trees of their Wheels under their bottoms, and a cavity or channel be left - 


for the upper pare of each wheel 10 tum in, n 
the beat, ascalculated fes fonds. 
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. where cher eb i be diſpenſed with 1 and 
adthitted, the frequency of paffage would interrupt the trade of the c. | 
Theſe Canals undoubtedly admit of Paſſage and market boats to deſeend or 
aſcend the inclined planes, the hiſual way on curriages, with an avi 
in expedition beyond what can be had where many Locks interrupt ; which 
citcumſtance counterbalances, in thoſe boats, the iaconvenience ariſing 
from their fmallnefs. This ſpeties of Canal, alſo, obvioulhy Adthits of rafts ® 
pl fir timber being conveyed, as deſcribed by Mr. Fulton; but it muſt be 
a dtmirtetl, that they, s well as the ſharp- angled boats, wilÞ' rapidly tear 
dhe the banks of the Cana, ſo as co filf up che bottom and/require G. 
irs. From what has been faid, it becomes an obec̃t to-deereaſs 
the draught of the boats, ſo that they ſhall not draw more with their wheel 
than two feet four inches; and, alſo, that the diameter of the wheels ſhould? 
be a little increaſed, both to avoid exceſs of friction, and to overcome 
_ eaſier any obſtacle ariſing either from gravel, pieces of ſtone, or any other | 
_ impediment, lying caſually on the railway, or from the junction of each 
| piece of rail. It is likewiſe requiſite, chat the outs) to avbid ſtrainiag 
be ſhorter ; and, to prevent their too eaſily overturning with almoſt amt 
Aung but minerals, that they be ſomewhat broader, - Theſe purpoſes will ub 
be anſwered by @ trivial alteration of their form, which I ſhall} proceed 
tres Prom aca ns TIPS ee OE EY Wee N 
15 5 


33 . v4 5 
% 8 4 54 1 


* eee eee Ge ue ee | 
Frequently conſiſt of 70 tons and upwards, compoſed of five tiers of tinibex. crofled with 
deals between each; but, in many Canals, they are prohibited on account of che damage 
they do by cutting the banks with their angles, and the difficulty of ſteering them; the ; 5 
firſt of theſe. inconveniencies may be done away by incloſing the loweſt tier with two fide | þ 
pieces (each compoſed of one breadth and a half of fir balk) nearly of the ſlope of the bank, 5 1 
but rather rounded; and with ſimilar ends, curved inwards for about three fret, taking care © #, 
that none of the next or immediately ſubſequent tiers project beyond it. The ſteerage may „ Fug 
be managed by. the track-rope being faſtened towards the rear end of the raft, and connect- : „ F 
ed with the middle of the fore end of it by another rope, or a ſmall luff-tackle, which 2 7 „ 
Han ugon. the raft may han) In or lex out «t pleaſure, e eee 2 „ 4 
en ee, e 
4 This ul ill et for 4 Fressen . 3 5 
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the cargo from being injured by leakage: becauſe the ceiling of the boat 
| FFF 


ay 


a 1 propoſe their wheels to be-12 or inches diameter, ds to, 
project two inches below the bottom. Theſe wheels muſt, neceſſarily, be | 
ſheltered by the ſides, not only to avoid ſtriking againſt. the "di but. 
. un yOu" with n e LINE A 


— 
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" Thispurpoſe might have beenefie@edby n means more fate . W 
he plan, &c. were it not for the neceſſity of attending to the vertical curvature. 
of the railway, which will project upwards, alternately; between the wheels, 
er towards the ends of the boats. The part of the boat below the wheel's. 
axis, although. contracted 6 inches in width, on each fide, as fig. 3. will 

not only add conſiderably to the burthen, but afford the means of preſerving. 


being neceſſarily raiſed above the thwart timbers, an EONS tg 


Re 135 | | 
| 44 The incroaked mich, alia: hour fm 4 to 4. feet 6 SY will 5 
add both to the burthen and ſtability of the boat, without any ſenſible dif- 


only a vertical ſection of that width, will afford the neceſſary increaſe , 
| ſpace to allow the boats to paſs each other, and the increaſe of excavation 

of the Canal is comparatively nothing, becauſe the ſides are common too 
all widths. of the fame depth; from which cauſe, excepting where ſubterra- 
neous navigation is requiſite, there are no ſufficient advantages ariſing from 
a very limited width; and, even under that predicament, if there be any 
material length of carriage, either under ground, or rer eg it _ 
| be <ligible to * at E., to the l 1 have mentioned. 8 


The boats in * Duke of n works at Wares,” where "IG i 
are ſubterraneous Canals on different levels, are of this width. There are 
| fore caſes in ſhort ſubterraneous Canals where 4 feet or leſs width of boat 
may anſwer the purpoſe. It may be frequently fo with iron,. or other ores, 


and ſometimes with coals, when ſent forward in the ſmall corves or boxes, 


in which they are brought from the face of the mine; as, in this inſtance, 
the boat would only be laden to a ſmall depth, and the cargo not lie fo. | 


PO as to * its overturning, . 


34. K 


ference. of expence in the Canal, as one foot more width, which requires. 


(29) 


| | Feet. Inches: 

44 Tee boo be rom 940 4 rimes r e they an N 
broad, their draught of water, when light, may be +" _—_— i NE: 

Projection of wheels below their bottom E EY WOE, 2 5 
e to be ſunk 2 Wenn ds oe es Ne a 
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C 
at which 1 I have before ſtated, 5 may navigate over the fords 
eee n ee as e 

F.. $2,544 e 9 nn 

Under the above ane”; every 5 — 4 inches Ins of boat 
will carry a ton; therefore, 4 tons may be carried i in one of 21 feet 4 inches 

length, and 3 tons in one of 16 feet; which latter lize, as being leſs liable 
to ſtrain when reſting on its N and for other cauſes will, in e 

have ſuperior advantages. 4 


In boats laden with coals, lime, iron ore, or other mihe rab "a wilt 
evidently be a great convenience to' empty them” with equal facility as a 
waggon; which, particularly in ſhort boats, may be effected in the two 
following ways : the boats, in both inſtances, having their ends ceiled, 
with a ſlope of about 18 inches baſe to a foot in height. The Canal (in the 
firſt method that I ſhall deſcribe) ſhould terminate above, and near to, the 
2 of diſcharge, which, in this inſtance, I will ſuppoſe to be a coal 
ſtaith. At the end of the Canal there may be a dock juſt containimg a ſet of 
boats (which will be hereafter deſcribed) or a gently aſcending railway ; in 
the latter caſe the boat may eaſily be drawn out, by a horſe acting on a 
| two-fold purchaſe, viz. by a rope attached to a paſt cloſe to the fide of the 
railway, and above the head of the ſlope, which rope being paſſed through 
a block hooked to the head of the boat, and returning to a horſe harneſſed 
to it, upon the railway, will give power ſufficient to raiſe t the boat out, in 
the ſpace of 10 yards; the firſt part of the aſcent bang ſicep, on account 
ö 


% 


If a dock deutet. the waſte Ee all by | fall, as there will be no 
deſcent of the boat; and the only difference will be, that the boats will be 
more eaſily run forward over the * of the ſaith, When arrived 


Fd 


c * 5 


ge (whether upon the ſeaith or into veſſels whe 
below) the tat will have to run upon 4 frame ſuſpended on two gudgeons 
at half its length, a little below tue centre of gravity of the loaded, and 
above that of the light boat ; the frame (being ſo contrived that the boat 
on taking its poſition, becomes ſecured in its place) will then readily be 


turned up. to ſuch  *. poſition as will permit the contents of the boat to 


ſhoot out, and will, afterwards, be is readily turned back again, from the 
poſition of the centre e it to preponderate each way alternately. 


Where 1 8 ds: or other PIER are not wanted to be oecaſionally 
"lodged 3 in a ſtaith, but to be only turned over into larger veſſels, on a 
greater navigation ; a method ptactiſed in a part of South Wales, with 
ſmall boats bringing iron ore from a drift out of the mine, may be made 
uſe of. It conſiſts in continuing the Canal (which may be a wooden trough) 
to: the place of-diſcharge, and terminating. it on a caiſſon, ſuſpended on a 

verſe. centre. The boat being arrived in its place, the end of the 
is. cloſed by a ſtop-gate ; and the ſmall quantity of water contained 
in. the caifſon, which the boat ſhould as nearly as may be fill, being let 
out, the caſe, or frame, with the boat 1 in 5 OY be turned over as aol 


elk ar 2 is 7 nnd E "Ks 
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In the "RES; method (ich will be more ail an the vials: 
._ ocealionally, have to ſhoot. their cargoes, in different places, on a 
coal ſtaith, or quay, and conſequently will have to turn; therefore, boats 
of 16 feet length, which I have already faid will carry 3 tons each, cannot 
conveniently be made uſe of; that circumſtance may render 1 it eligible, in 
many inſtances, to have them ſhotter, and of leſs burthen ; which, accord< 
ing to the tees 4 0 procead bw thy Bowes wilt be attended with-no df | 
N of moment. Set | * 


» The turning of the frame. mud be Bie to the extent of this poſition, which, with 
the end ſlope of the: boat's ceiling, already mentioned, will be ſufficient. at hule more than 
209 from the plane of the horizon. The ſides of the frame ſhould fit cloſe to the boat's gun- 
wale, and riſe ſuſſiciently above it, „ \ x god e Apo 
ides when raſhing out of the boat. | | | 

I have 


(a). 


„eee the extreme e e 
| - boils when the wind blows ſtrong ; and alſo the great refiſtance to their 
paſſige through the water from the form of their ends, as well as the da- 
mage done to the banks from the angles of the boats, which principally * 
ariſes from the corners plowing up the banks. To remedy this, for any 


great extent, by any thing placed along the banks of the Canal, would be 


Sora ta ag ad e e no 


b The way, that occurs to me, is is to conſtruct and 1 the bond "fs 
fuch a manner as to avoid cutting the banks, and likewiſe enable them to , 
go ſufficjently faſt through the water, ſo as to be capable of ſteering, and 


not to be driven by the wind on either bank, and, at the ſame time, retain - 


the power 1 ſene down the inclined e N e 


Two, three, or more voi, e to their rage and the fuddennefs 85 


of the curvature of the Canal, may be firmly connected, one cloſe behind 


te other, ſo as to form one boat; and, by having a Night overhanging at 


the end of each, they will, when on their wheels, bend to the convexity of 
the upper part of the railway, and being faſtened near the gunwale at each 
angle on either end, there is no impediment to their equally ſuiting the 
concavity of the lower part. The boats, thus connected, would ſtill oppoſe 
great reſiſtance to motion ; and although, by giving the extreme ones n 
triangular end (which would be the eaſieſt executed), the reſiſtance would 

be e . as | the f fines © of the angles of incidence vet other in- 


» The * arifing from the reftangular tranſverſe 3 inelined n 
zs conſiderable, and can only be remedied by incurring inconveniences in the conſtruction 
of the boat; and the capability of its Tuſtaining itſelf on. a frame without ſtraining, unleſs 


| nn . EAR” 5 


= At firſt in i greater ratio, afierwards in «leſs according to the experiments of 


Abbé Boſſut. 
if cae leg of the ee e foray ths cortath, et af « boat fe ina 9s ; 
radius, the reſiſtance would be as the ſquare of the fines of the angle of incidence; but then 


the width of the boat would decreaſe or increaſe, as the fine is to radius; 3 in 
| ak ada eagle) ales 1 | 


2 3 | 


} 


5 3 5 


5 Riad: Wu enſue; as the boats would: be attended wich; a great 


Lateral wave; tending to tear town the banks, and a reduction of burthen 
equal to half the projection of the ends, which muſt, of courſe; be coun- 


terbalanced by an increaſe of length. I therefore recommend the ends of 


each ſet of boats, to be formed like an obtuſe pointed gothic arch, as 


the dotted lines in Ig. II. plate 11. where, by only an incrraſed length of : 
one foot, an equal, or rather ſuperior burthen to the ſquare ended boats 


vill be obtained; and the reſiſtance reduced, according to the experiments 
of Admiral Chapman and Monſ. de Romme, becauſe the half widch of 
_ the boat is only three fourths of the axes of the curve forming each ſide of 
its end; and, by their experiments, the reſiſtance is equal (under any pro- 
portion of extreme width and ſpace from thence to the ſtem), whether the 


ſides ſor that extent ſorm a curved water line, or go ſtraight e to 


| ans ſtem, and form two ſides of a triangle. 


* > 
* 


4 According to the experiments tried at Greenland Dock, by the 80 
for the Improvement of Naval Architecture, the reſiſtance of a veſſel with 


ſemicircular ends, moving at the rate of eight feet per ſecond, and 114 
times as long as broad, was nearly . 78 of that of the ſame veſſel (or body 
compoſed of logs of timber) with ſquare ends. By theſe Experiments, : 


and thoſe tried at Verſailles by. L'Abbe Boſſut, the chief advantage is de- 


rived from the form of the end moving foremoſt : which will hold good 
in all velocities with which boats can move on. Canals ; and, as the pro- 


| poſed ends are formed of half ſegments of circles; whoſe axis, in the line 


of the keel, is once and a third the greateſt ordinate, or half width of the 
boat, the reſiſtance ſhould, according to the fines of the angles of incidence 


of equal threads. (or minute portions) of the width of the water intercept- 


* 2 neee 


ed, be. 901 of the reſiſtance of a ſemicircular end, and therefore . 702 ol 


chat of a ſquare * end, according to the experiments quoted, which nearly 
agrees with the G e Fi of the — ol incidence on ve and minute 5 
tions of width. 85 £32 


„ This advantage, in the experiment quoted, would be partly derived from an equal | 


ſharpneſs in the after end, which will not operate againſt the preſent caſe, as each end of 5 


every ſet of boats ſhould be ſimilar for the purpoſe of tracking either way. 
+ According to this theory the reſiſtance of a ſemicircular end proportioned to a ſquare 


ole is as . 7854 to one, becauſe the ſum of the natural fines of a quarter of a circle, taken 
In 


on equal portions of its greateſt en. infinitely near, muſt obviouſly form its area. 
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In all experiments, the proportionate ws of the rectilinear part of 


the bodies to their widths, and in many inſtances of the latter to their 
depths immerſed, will produce different reſults: therefore, until the effects 
of theſe and of other attendant circumſtances be known, and introduced 
into the formulz, no theoretic reſult can be perfectly correct; but will give 
more or leſs than any particular experiment, unleſs where oppoſite cauſes 
counterbalance each other amongſt which, friction on the ſurface expoſed to 
water, and the inequalities of that ſurface, are. not the leaſt conſiderable. 
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On the Metacentre or Axis of Motion of Veſſels of a uniform Figure 
- throughout their Length, ſhewing by ſeveral Theoretic Inſtances to 
what Height ſuch Boats may ſafely carry their Cargoes. Alſo on the 
Means of combining the Navigation of ſmall and great Cana. 


ſubject of this Treatiſe, are generally of a uniform figure throughout their 
length, or axis of motion ; except a ſhort ſpace at each end, which, from 
their great comparative length, conſtitutes an inconſiderable portion of the 

whole, I ſhall conſider them as fuch ; as it not only ſufficiently approxi- 
mates the truth, but diveſts the queſtion of the intricacy that would other- 
wiſe attend it. This ſubje& having been treated with great ability by Mr. 
Atwood “, in the Philoſophical Tranſactions for, 1796, I ſhall occaſionally 
recur to him, for the rules n for inveſtigating this matter. 


In all veſſels there is, at every given depth to which they may be laden, 155 

a certain altitude of the centre of gravity, at which the veſſel will be on 
an equilibrium of indifference whether to remain at reſt, or move a greater 
or leſſer diſtance round its axis of motion; which axis (in the line of the 
veſſel's length) is uſually called the Metacentre : conſequently, if the cen- 
tre of gravity of the veſſel and cargo combined, lie above the meta- 

centre, the veſſel muſt overturn; and, according to. the diſtance of the 
centre of gravity below that point, the greater or leſs will be the ſtability 
of the veſſel. Its reſiſtance to overturning, if it be of a circular. tranſverſe 
ſection, will be equal to the fine of the angle of heeling, multiplied into 


The Conſtruction and Analyſis of Geometrical Proportions determining the Poſition 
aſſumed by Homogeneal Bodies which float freely, and at reſt on a Fluid's Surface; alſo 
determining the Stability of Ships, and of other k by George Atwood, 
Eſq- F. R. 8. | N 
Ee ; 
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As Canal veſſels, eſpecially the narrow ones, which are principally the | 
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„ WAGs eee ths e f gravity and the menten, e Big 


by the weight of the veſſel and cargo, which muſt; 3 — 5 
23 n it: arrive at 1 maximum at > a . 


Allo, in veſſels of this N the metacentre continues * 1 ſame height 


above its bottom, at whatever depth the veſſel may float; but, in poly- 


Sons, the caſe is varied, and in the rectangular form very conſiderably. 


12 l is bn, Tor 2) ge een be tthtUty ae telt, unleſs its 


_ centre of gravity be ſupported vertically by the. Dae Pedals prac 
2 or, r e Tee OT 


m parellelopiped, or ſquare beam of timber 8 to be W 

neous), its centre of gravity will clearly be where its diagonals interſect 
(vide plate I. fig. III. and IV.), and if its tranverſe ſection be equilateral, 
it would, when floating on the water, obviouſly reſt on an equable ſupport, 
either on one ſide, or with one angle downwards; but yet, it will not re- 


main indifferently in either poſition; for, according to circumſtances, one 


ol theſe poſitions would be what Mr. Atwood calls, . the equilibrium of 


ſtability, in which the ſolid floats, permanently, in a given poſition ;” and 


the other would be the equilibrium of inſtability, in which the ſolid, 
although its centre of gravity and that of the part immerſed are in the 
{ame verticle ine, 1 or unleſs ſuſtained by external 
force. Sy : 


When veſſels of a rectangular tion are uſed i in e "hey are 4. "VY 
Gaily to float on one fide, or face of the ſquare; but Mr. Atwood has 
clearly demonſtrated, that in many inſtances they have, when the centre of 
gravity is in the centre of the ſquare, a tendency to overturn and float on 
their angles; which ſhews, that under theſe predicaments, Mr. : Fulton's/ 


boats of four feet width, could not carry their mean weight of boat and 


cargo ſo high as two feet from the outlicde of Meir bottoms ; even without 


% SSF the metaceiitre 3 obvioufly be ; 


5 4 the centre of that circle, becauſe, e 
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The following are, according to Mr. eee the equilibria of ſtability 


of a ſquare parallelopiped, whoſe centre of gravity is in the en. the 
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5 1 1 Pan 6 in which it would foat perma- 


_ ſurface of the fluid will be coin 
n eident with one of the angles. | 
iii t % d cette hen kh « With the diagonal lines in various 
| angles with the vertical, until it 


bs from 71877 to. | 
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vhich narrow boats could conveniently ſwim ; therefore, they will be the 
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Theſe different paſitions ih _ two _ the one is, "the TT oY 
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- tepdency that the centre of gravity ol the whole maſs has to become as low 
as poſſible: and the other, the lever which the CORE of e of the 


Part 
* 


on: one ſide. 9 ' 5 
2 ”, - FS. * * 1 F = : . 
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t-gd en hogan) 5d to wa oF in 4 f 3 
u £1} Man | . fively, on ſundry angles increaſ- 
1 ing to 269 34 when correſpond- 


ing with .25, at which time he . 


to 2813, viz, Xt ** becomes upright at I in aſcend- 


11 
3 


4 


Y 1 have Alvendy 8 5 chat Mt. Fulton's boats of four feet: width, will, 


_ with the lading he mentions of four tons in 20 ſeet length, draw two feet _ 
3+ inches water ; and the boat itſelf, without the wheels, Which ad, 811 no 


moment in this inveſtigation, wou draw fix inches, N 28.3 A 


Ara reh abe bn b e PT e ee 


2 the-eidet-or Gde-of the ſquare cos 2 ag de 8. 44 falls. en 


laſt predicament mentioned in the preceding table; and would naturally 
oyerturn if the centre of gravity were as high as the point of interſection of 


the ſquare, viz. two feet from the bottom. With iron- ore, limeſtone, 


and other minerals, coals excepted, there can be no doubt of its carrying 
its cargo ſufficiently below the metacentre, or overturning point; and, as 


va far it will e be eſtimated. | 


"Co a Perle vile a water in ES more chan one 
fourth, yet, when broken, as uſually ſent. from the mines, a ton weight 
occupies a ſpace of nearly 50 1 cubic feet ; conſequently, as 20 feet length 
of boat is to carry four tons, or 200 cubic feet, it follows, that each foot 
length muſt require a ſection of 10 feet, which, divided by four feet, the 


outlide width, leaves two feet ſix inches; to which we have to add eight 


inches 4 for the proportionate quantity of matter the boat is compoſed of; 


* the whole height will be three fect two inches: the centre of gravity of - 


. | Vide Page 13. | 


15 Ok. Rt ec a ho lf than | 
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1 Vide Page 12. 8 BE 
1 Which 


f | has to become as high as poſſible 3 which, conſequently, in- | 
creaſes the width of the line of flotation, or the Aiport on the water 's edge. 
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coals are eſſential to this ſpecies of 1 now e to AI ecu | 
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which. vill be ou foot ſeven inches, admiring the boat itſelf and the 


3 ſpecific weight . 


| low, boats of this form and depth, inſtead of progreſſively increaſing their 
reſiſtance as they heel, or incline to one fide, will at ſome given point di- 
miniſh it. We have, however, only now to conſider, how far a Canal 

boat can be admitted with ſafety to heel, which I conceive to be about one 
tenth of its width ( 5 A 21”), which I ſhall aſſume as a datum; and 
proceed, according to the method laid down by Mr. Atwood, to examine 
how high the metacentre would be under this giving inclination ; and 
what weight the boat would bear upon its gunwale, with its centre or gra- 
at the inches from its bottom. | 


Plate I: WIRD V. ABCD FROM. the ſation of che ban acſeribed 
which is biſected by the line x 6. ww is the line of flotation, or water- 


line when upright, and drawing 2 feet 33 inches: ch the water-line when 


inclined 5˙ 44 21” 
ſeven * above the botrom. 


The Pe — of the part immerſed in water, W bout'y 8 
bottom is horizontal, is clearly at the croſſing of the diagonal lines m C and 
vB, viz, at e, and whenever the boat heels, it muſt turn on the point & f, 
which is the middle of the line of flotation ; and on immerſing the triangle 
b x u, it muſt raiſe a ſimilar triangle wx c out of the water. Let @ repre- 
ſent the centre f of gravity of the latter of theſe triangles, and d that of 


® According to the premiſes aſſumed, the ſpecific gravity of the boat is to that of the 
cargo, as 48 to 50, conſequently, ſufficiently-near the ſame. This ſmall difference will 
be more than counterbalanced by the cargo being higher in the middle than at the ſides ; 
which, ccc 
eſtimated priſmatic height, 5 
1 Any effect in removing the cs of gravity arg from the cauſe tat may occai 
89 not being taken into account as too inconſiderable. 


1 r dee 8 bo we nts of ty ils gs x along line, ener 
| he face we, via. two-thirds of a r. he 


Another circumſtance is, that unleſs the centre of ad lie fuffciertly 8 


g the centre of gravity of boat and cargo at one foot 


C39.) 


the FIR, then the diſtance between theſe points (which taken horizon-. 

tally, may in all ſmall angles be aſſumed as 3 of the width of the boat) 
will be the extent which the ſupporting power of the triangle has moved; 
therefore, the centre of gravity immerſed will be removed horizontally 
from a, ſuch part of (32 inches) the horizontal diſtance between à and d. 
as the quantity of the triangle is to the whole bulk immerſed, viz. as .603 


is to 27.53 or, as one fourth of the ſpace þ v is to the ſpace v C, which in 


tte preſent inſtance amounts to ,7017 inches, and is expreſſed by the line 

8 k.[f from k a vertical line be drawn, it will at , where it interſects 
the line x 6 (biſeCting the boat) ſhew the height at which the equilibrium 
of indifference will be, under the given inclination,” which, in this inſtance, 
will be at 7.017 inches above e, or the half draught of the boat; and 
conſequently, 20.767 above * the bottom, viz. only 1.767 inches above 
what has been ſtated as the centre of gravity of the boat and cargo ; there- 
fore, the ſole power that the boat has to right itſelf, is the ſhort ſpace 
that g lies withinſide of the vertical line from the centre of ſupport & 
which, at the given angle of inclination, is only one-tenth of the ſpace m g, 
viz. . 1767 inches; on which the whole weight of the boat and cargo is, 
as it were, ſuſpended from that length of arm projecting from the meta- 
centre n, viz. on o n, which is capable of ſuſtaining a weight upon the 
gunwale D inverſely to the length mw n=25.203 inches. The diſpro- 
portion between theſe is 142.6 to 1. and as the weight of the boat and 
cargo is 102 cwt. the power capable of giving the inclination 5* 44 21. 
(the vertical depreflure of one tenth of the width of the boat) 1s only .715 
cwt. or leſs than half the weight of a man; conſequently, Mr. Fulton's 
and Dr. Anderſon's boats are not ſuited to carry coals to the extent men- 
tioned; and if not ſuited for coals to that extent, it is ſelf-evident they 
are not ſuited for light goods, for pak + or malt, or even for timber and 
deals. 


Not vertically, but in the biſeAing "PH, which is referred in throughout 3th boat, 
| as before ſtated, drawing 2 feet 3 1-half inches. 


+ The ſpecific gravity of wheat in bulk is nearly thak of coals, hk 


> feet to a ton; but in bags (as it muſt be in thoſe boats) it will occupy more ſpace ; the 


other ſpecies of grain are lighter ; oats are particularly ſo, and malt is under the ſame 
predicament, 1 


Ng 


C So 
"fe muſt at further be confidered, that no articles; capable of iis 


| A * water, could be ſuffered to reſt on the floor of theſe boats; from 


all which it follows, that ſuch boats as I have recommended of 4 feer'6: 


inches width, are of the leaft breadth'that a Canal for any general purpoſes,. 
ſhould be calculated. for, 1 in any ſituation; and, that the raiſed ceiling, in. 


| bas! boats, is neceſſary to afford a receptacle for leakage, or other water. 


It alſo clearly follows, from theſe premiſes, chat boats. debgned. to diſ- 
2 their cargoes with ſioped ends for that purpoſe, muſt be of a ſtill 
greater width z becauſe, carrying their cargoes. higher: — That width, 
without entering into calculation, I would Propoſe to be five feet, and the 
boats to be made proportionably ſhorter ; in which caſe, a greater num-- 
ber might be fixed together, to form what I ſhall call a conjoined-boat ;. 


either two or four of which, according to circumſtances, may be tracked 
by one horſe. If the Canal be remarkably ſtraight, a greater number may 


be conjoined; and then only two ſuch boats be drawn by. one horſe at- 
tached to a chock, or ſnort maſt, ſtanding about one · third of the diſtance 
from ſtem to ſtern, of fuch conjoined boat as may go foremoſt: to the 
ſtern of this, the ſtem of the ſecond conjunction of boats being faſtened., 
a boy may ſteer the whole by means of a pole fixed like a flat- lying bowv—-—- 


| ſprit, to the headmoſt of the ſecond ſet, which will ſerve as 1 to ſteer 
ga: e lopraandy * A9 e 


But ould the Canal not admit of a great length of hone: then, t two ſets, 
as above deſcribed, may be drawn by one horſe ; theſe two ſets being con- 
nected not by their ends, which would prevent their being well ſteered; 


but by a line communicating between two ſhort maſts, one in the latter 


conjoined- boat of the firſt ſet, and the other in the leading one of the 
ſecond ſet (in the ſame poſition as the maſt in the firſt conjoined boat), 
which. will give room for the ſecond ſet of boats to be ſteered as well as 
the firſt. In the narrow boats deſcribed by Mr. Fulton, he does not ſeem 


— palm ena, bene 


„ 0 


to be Se "of the Tefl adct lng PIE Kicken tirough'the ep „ 
| which, according to Mr. Atwood's remarks on the experiments made. by 
: | @rder of the Society for the improvement of Naval Architecture, amounts, „ 
on vood planed very ſmooth, to golb. on 258-ſquare feet, when moving | 1 
at 8 feet per ſecond ; and, conſequently, muſt be conſiderable on e 1 
Fg ſided boats, which all will ſooner or _ become. ; 


5. ſeveral biene it might be eligible. tocavigats theſ ſmall 1 in 
125 * levels of exiſting Canals on the large ſcale; and it may frequently be 
done to advantage, by making the boats nearly one half or one third of the g 
width of the locks on ſuch Canals; and each conjoined boat, either equal © 2020 
to the whole length, or half length of the Lock, fo that the greateſt ton-' | : 
nage poſſible may paſs at one time . It muſt, however, be admitted, that 


* Mr. Fulton, in Page 35, ſays, that he hopes he bas ſhewn © that reſiſtance from ſhape, ; e 
2 in ſlow movements, is inconſiderable, and that. the true principle of conveying goods a WI 
cheap, when expedition is not required, is to move flow and take a quamity,” - ; — 


That this principle to the extent he propoſes, is ineligible, and not always practicable. 
I think is ſufficiently clear, from what has been ſaid of the neceſſity of conſiderable motion 
through the water, to keep the boats off the ſhore, or off the Canal Banks, which, to the | 
number of 10, 15, or'20, could by no n means be kept e one man with a boat- hook, 
as ſuggeſted by Mr. Fulton, Page 38. 


The explanatory note he has given at the word quantity, is not Ml to wha . 
to have been proved; as the reaſoning and mathematical deductions there, are only appli-. _ 
cable to the reſiſtance of different velocities of one and the fame boat: and not to diffe- 1 e 
rence of weight or quantity diſperſed in numerous ſmall boats, in Mace of all, or à portion | 
of it, being placed in a ſingle greater one, the truth of which will appear by adverting to 
what is well known to be the caſe in ſhips—veſſels of ſimilar forms, but of different dimen- : = 
ſions, will carry, burthens © proportionate to the cube of any of their dimenſions, viz, if 4 „ 
double in their proportions, their burthen will be increaſed eight- fold; but the ſails, which | 8 
form their moving power, will only be enlarged as the ſquare of that proportion, of cure . ' | 5 
only four-fold: Vet the large veſſels will move with equal or greater celerity than the ß 

ſmaller, therefore, a veſſel of twice the width, &c. will only require half the proportionate "# / | 
force to give equal motion to the ſame quantity of tonnage in the leſſer veſſel, ſo far as re- „ 
lates to general principles: the reſt depends on form, 8 weight of the veſſel it- | 225 

elf, quantity of ſurface, &c. as has been already noticed. 


4 It may ſometimes be eligible to have 3 conjoined boats, each conſiſting of two parts, to | ws 
occupy the area of the Lock; which would be attended with no material trouble, as it : 
would be eaſy to ſeparate and conjoin the two parts of the middle boat. 


| | 25 „ EN | Es theſe 


— 
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| * 4 * 
theſe boats o thus zuck will be Hable to decent for: the ſhock of the 


TRE great boats, as well as much inconvenience from the agitation of a wide and 


deep f Canal, and alſo, that the boats would be very liable to become 
leaky if they have far to travel on land, either from coal mines to the 
Canal, or from the Canal to any particular place of conſumption: there- 
fore, I conceive that in ſome inſtances, - particularly in the conveyance of 
minerals, it will be better to have boats of great length, ſo conſtructed, as 
to have a double railway upon them, and to carry two parallel ranges of: 

waggons a plan nearly fimilar has long ſince been talked of; but, exceptmg. + 
on a ſmall ſcale as to magnitude of waggon, has, I believe, never been 
carried into effect, from the following cauſes, viz. the difficulty of getting 
the waggons in and out; the danger of ſtraining the boats in performing 
that operation, and the riſk of their deins werft! in 828 — or from 
other Cauſes, | | 


- » 4 . 0 Fe 


The two firſt objettions I propoſe to- a by d ck the: 
place of loading and unloading, in which the boats ſhould be laid aground ; 
which may be done with very little loſs of water, as they ſhould: be uniform 


in their dimenſions, / flat bottomed F, and nearly filling the dock ; the bot- 


tom of which ſhould be ſo high as juſt to admit the laden boat to float | 


over it. The bouts being oy en auck unladen in a . dock, it 


. If the booze be fo 3 as to ee ee only one Juan. which 8 5 
be done on the plan of carriages under the boats; then little inconvenience or hazard wilt. 
ariſe from navigating the large Canals. But even in the plan of moving on carriages, the 


boats are ſo ſhook in moving up and down. the inclined planes as to become leaky : to re- 


medy which, I would-propoſe that the carriages, where the boats are large, ſhould move on 


- _ eight wheels, four on each fide, and reſting on two axes paſſing through the middle of 


Parallel bars connecting each pair of wheels; of courſe, the railway would be leſs liable ro 
injury, and the ſhock from impediments would be reduced. The latter may be nearly ob- 
viated by any ſimple contrivance to OED the Ow which _ xn e 28 55 
a 3 the heels. | 4 | | 


5 1 In ſhallow Canals, the yeaves cannot riſe fo high as in deep ones or be fo far aſunder. 


| 1 Excepting a deep keel to keep them from driving to leeward i to receive which, there Ds 
V Ae | : 


5 laws . 


43 )) 


Selon, that bey may litve leaves at bale ends to let do 4 to any requi- ; . 
ite depth; which, when raiſed up and ſecured, may be kept tight by 
the preſſure of the water —the ſuſtaining platform may, therefore, be on the 


ceiling of the boats, which may be raiſed by deep floor timbers, ſo as to 
ſupport the boats ſides, and raiſe the ceiling“ above the light mark, both 
for the purpoſe of preventing the boats ſinking from the leakage of the 
leaves, when not in uſe; and to avoid unneceſſary deſcent and aſcent for 
the waggons to and from the docks, the railways at the end wh . 
mould coincide with thoſe on the platform of the boars. . 


The tranſverſe {ion of theſe boats I dave to tis portion of a poly- | 
gon, as carrying the metacentre higher than a dure, and as being leſs ch 


"BE to cut donn che ſides of the Canal. 


e of "RE ber fix liches outfide Kath, ix feet outſide width 


at top; and four feet depth, with their ſides and ends: contracted towards 
their botcoms, contain a meaſure (incluſive of the heap at top) of 135 cube 


feet, or a Newcaſtle chalder + of coals, which ſhould weigh 53 cwt. ; and 
rating the waggon and wheels at 15 cwt. f, each laden waggon will then 
de 3.4 tons; conſequently, 16 waggons, which will occupy a ſpace of at 
leaſt 60 feet length and 12 feet width, will weigh 54:4 tons. The. boat for 


this purpoſe, 1 propoſe to have ſloping ends, ſo far co as juſt to 
admit the paſſage of the waggons, and to be of 64 feet average length, 11 
fleet width of bottom, 14 feet on the gunwale, and 4 feet height from the 


bottom of the boat, to the gunwale, as by the ſection in Figure I. Plate 


4 I N 1 o Ss, wn + RE . A * 
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o Which ſhould be caulked and made rn. 


1 1 ſhall tow my dedaQions from waggons of this eine as 7 the fandard of the 


great coal country; and equally capable of EL reduced to can cad OR other 
Proportion I might have aſſumed. | | 


2 The waggons with heavy wheels of upwards ru three feet diameter, "bs above 3 ron, 


* may be N to Ne ſtated, vr leſs, 


% 
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. of dhe boat may be leſß than 8 but I will at. | | 
how it to be brought to that depth by ballaſt between the timbers :— 


the breadth, on the water's edge, will then be 11 feet 7% inches, and the 


ſection immerſed will be 9.427 ſuperficial feet. The cargo as afore-men- 5 


tioned will be 54.4 tons, which multiplied by 36, the cube ſeet of water 
in a ton, and divided by 64, the length in feet of the boat will give. 30.6 
feet for the ſection the boat has to be depreſſed, which will n an in- 
creaſed draught « of nearly 2 feet 43 inches, or in 2 3 feet 2 22 inches, but 
3 fect 3 inches. | : 


: 


35 Admitting the n heap of coals on the top of the waggon to be 
equal to an additional height of four inches on the width of its baſe à 5, 


the centre of gravity of the middle part of the waggon (of three feet baſe) 


allowing the top and bottom to be of equal length t, will be at two feet two 


inches; and by the two triangular priſms (each of 18 inches baſe), it will 


be moved nearly 3 inches higher, viz. to 2 feet 5 inches above its bottom, 
| Which will be about 3 inches above the centre of its wheels; and calling the 


Wheels 2 feet diameter, the centre of gravity will be raiſed 3 feet. $ inches 
above the ſupporting rail ; which, according to, the plan, being 1 foot 5 


inches above the boat's. bottom, makes the elevation of the centre of gra- 


vity of the lading to be at 4 feet 1 inch. The centre of gravity of the 


boat will depend on the proportionate timbering of its bottom and Hides, | 


ang the-jron.oc lope eee to 10 * and fl 


4 
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If ee eee fee «4, F971 
3 a=the width of light flotation, Viz. 11.625 feet. : 55 
, x=the increaſed depth ſought. OI | 


' Then, as the boats fides overhang each ofthem Z of their height, * equation will a 4 


- thus. 56+ 1524. andthe mulls = ee, 
Ly SW: 


1 They generally are not Ph os were I to make any other ie RY it 8 only 

be on a particular inſtance, and the weight and Poſition « of the wheels muff afterwards have 
. $0 be accounted for: 1 therefore, ſhall Talculate | as above, and leave the wheels and axle- 
trees as a counterbalance for the e 1 ths length of bottom, which they will in ge- | 


aſſume | 


— 


(4.9 EDD. 
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aſſume 1 it at 18 inches from the bottom, it will be more than Cufcietithy | 
high. The mean centre of gravity will conſequently lie between 18 and 
49 inches, in the inverſe proportion between 9.427 and 30.6, (the propor- 
tionate magnitudes of boat and cargo), which will fix it at 41.55 inches. 
The centre of gravity of the bulk immerſed will be fo much above the 
half draught of water, 19.5, as the two triangles wp B and v 7 C. ( Plate 
III. Fig. I.) whoſe centre of gravity is at the height of 26 inches, (viz. 4 of _ 
the draught of water) will, in their ratio to the whole bulk raiſe the com- 
mon centre, viz. as 132 +43 0f 39:.6.5::2 x of 39: , .648*, which, added 


to 19.5, will give 20.148 inches for the mean centre of gravity of the part 


immerſed. I ſhall in this boat, the ſame as in che preceding one, admit | 


the utmoſt extent of heeling to be 5* 44 217 but the mode of finding the 
reſult, will be ſomewhat more complicated than in the former operation, 


| becauſe of the difſimilarity of the triangles formed by the interſe&ion of the 


two lines of flotation, and the conſequent inſtability of the point of inter- 
ſection, which, in veſſels of parallel ſided ſection at the water's age, 
e e the extent Bi OG remain dogs the ris; * 

The deviation fra the cnn with wi eaſily be. lee b by 
having recourſe to the diagram Fig. III. Plate III. in which A B E b is 
the tranſverſe ſection of a veſſel with ſtreight overhanging ſides; and q is 


the point of interſection where the ſides would meet, if prolonged down- 


wards.—x q is a line biſecting the angle of junction of the boats ſides: and 


1 v, is the line of flotation at right angles with x q, when the boat is, of 


courſe, upright.— þ is a line parallel to the line of flotation, on the boat 
having heeled any given quantity equal to the 4 H v. This line paſſes 
through the middle of the level line of flotation, but cannot be the true 
Poſition of the inclined line; becauſe. the quantity of water diſplaced on the 
fide heeled towards, and left unoccupied on the other, muſt of neceſſity be 


. ; and the FN | b vx, is Ann n than thy 1 NY | 


= Viz. As the width of the boats bottom + the overkanging of one ide on the line of | 


flotation, is to the difference between the two centres of gravity (viz. 26.—19.5) ſo is the 
value of the two triangles SPP as they are * is ors by the baſe of one FT them) 
to the _ | Sad | 
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Hs: the real line, of- flatation will be. moved ſo far et to- 


wards v, (ſay to C H) as to equalize the two triangles, 9 X C, and 
H X v. To find the preciſe poſition of this line we have the following > 


data The triangle, CH myſt be equal in area to the triangle, w g p, 
becauſe the triangle, H Xv, is equal to the triangle, w X C,: and che 
2 A4 Fa being common to both the great triangles in queen, the reQtan- 


ele Ci H muſt be equal to . x 493) vice to W as both theſe 


Lines are equal Theſe circumſtances, combined A all-the ** * 
given, lead tothe e * . 


* p n parallel co the inclined hne of 8 on which 155 
0 . Let fall che per ndicular'v 5, the value of which will be the fine of the 
angle of the level line of flotation being radius: 4 will be the 


fine: complement of that angle. The angle 5 v is equal to the angle of 


_overhanging of the boats ſide the angle of heeling (viz. L Xr 4 w 
v) and vs being afſumed as radius, 5 p will be the tangent of the angle 


mentioned, and v 5 its ſecant: conſequently, all the ſides of the triangle 
1 vp are attainable ; and the triangle H X v being ſimilar in ETD its 


* will: allo be determinable from the ed. 


4 , 
- 
F „ 
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We then have the following equations and Te u TY 42 1 = 


4 4 


* 
— — 


/ 


b 
As 4 72 3 * lud 3.5 = 4.6 conſequeady, 5 = 


een. 85 i 


(4a) 


Then! as b-a: ig: -a — = line X 93 which will give the poſt 

tion of the aroſe ion of the lines of flotation. The value of 4 H having 
been acquired, that of C H the inclined line of flotation follows of courſe. . 
The lines X H and v.S-will be attainable, by. the ſimilar proportions of the 


* 


the area of the triangle immerſed by heeling . „„ 
vity of the triangles immerſed and raiſed out of the water (viz. 4 and 4): 
will, according to well known principles, be at two thirds of the diſtance 
from X along the lines X 7 and X,; theſe lines biſecting the oppoſite 
faces of their reſpective triangles; then C H (the inclined line of flotation). 
being aſſumed to be horizontal, the horizontal ſpace between r and # will 
obviouſly be a mean between the lines C S and w n: and as 8 H and 5 »- 
are equal, it will therefore be a mean between CH and ws: conſequently - 


the horizontal renioval of the triangle of immerſion will be 8 5 — 5 VIZ. 


the inclined — . flotation + the level line of oration * N. S. Ct. of Z or 
2 * ; ; | . 3 * 1 IO" 


1 


two triangles p ww and H X.v as above ſtated ; "al XH vin give 


. kechng, us. L) 


T he level fine of flotation of the boat in queſtion. being 13.437 5 1 
and the angle of heeling 5* 44 21”; the area of the triangle in queſtion 
will be, according to the preceding deductions, 2.267 28 ſuperficial feet, 
and its horizontal removal 107.5398 inches. The conſequent lateral re- 
moval of the immerſed centre of gravity will be 6.0915 inches, viz. ag» 
40.027 feet, the ſection of the boat immerſed when laden: 107.54 inches, 
the horizontal remoyal of the triangle of immerſion; : : 2.2673 feet, the ' 
magnitude of the triangle immerſed by heeling : 6.2915 inches, the lateral 
remoyal of the immerſed centre of gravity, which, divided by .1, (the na- 
tural fine of 5 44 21” when radius is 1.) will raiſe the metacentre 60.91 J 


* The angle of heeling in the diagram (Hg. III. plate III.) is 129, which is more than 
double what I have ſuppoſed to take place in Canal boats, and is drawn of that 8 


| to make the explanatory lines more ſeparate and diſtinet. | 
i inches 


c_ 


inches above, Soda the height, of. the centre. of gravity immerſed, 1 


fix it at 8 1,063 above the bottom of the boat, viz. 3975 13 inches above the 
centre of gravity of the boat and cargo, which will give a power of reſiſt- 


ance” equal to 71. 15 tons upon an arm of lever of 3.9513 inches, viz. LY 


ratio of 281.13 tons and inches; a reſiſting force far ſuperior to what is 
desu, and, e the boat cannot ever heel ſo far. 


Ag to the rules for upright ſided boats, the volume of the triangle 
immerſed would ns the line dd level flotation x N. # 6. 2 — heeling, ( rad. I. ) 
| The Ge, H & el dee 

= 2.26835 feet. The Pak of removal, at two thirds of the width of level 
of flotation, ' would be 107.5 inches ; which, multiplied by the ſum pre- 
ceding, gives a ratio of 243.347 in ſuperficial feet and linear inches. The 
ratio, according to the method above proceeded on ĩs 243. 823: therefore; 
under ſmall overhanging of the boats ſide, the operation may be ſhortened 


for all practical purpoſes, by ane e the fame rules as for up- 


right ſided boats. 


The power that was mentioned as neceſſary to be guarded againſt is that 


of the wind. To judge of that extent of it, under which the boat may be 


_ navigated, with the wind on one fide, the beſt criterion will be drawn from 


what falls under univerſal obſervation. I have found from different expe- 
riments, that wind mills generally begin to reef their fails ; and ſhips cloſe- 
hauled to reef their topſails, when the wind blows with an impulſe of two 
pound on a fuperficial foot; and under ſuch preflure it is pretty clear, that 


a flat boat oppoſing an extended ſurface to a fide wind, could not be kept 
off the leeward bank, without greater head-way than is uſually given by 


conſequently, 
guarded againſt, - N 


The height of the waggons when the boat has heeled 5* 44 21*, wilt 


be leſs than 6 feet above the water's ſurface. The whole range of them will 
be 60 teet long, and, admitting the projection of the ends of the boat to be 


equal to the vacancies in the lower part of the waggons, we have 60:X 6 x 2, 


viz. a force of 720IDs. acting on an average height of 3 feet above the 
waters 


* 


A 
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waters ſurface. The refiſting point will be nearly half 1 draught of water 
of the boat, which, if it have twelve inches depth of keel, will be a little 
more than 2 feet below the ſurface: conſequently, the above force would 
act with an arm of lever of 60 inches, and be equal to a ratio in inches and 
pounds of 43 200. viz. 19.285 tons and inches, which, compared with the 
reſting power, is upwards of 145 to 1. therefore, from any other cauſe but 
that of avoiding the being blown aſhore, there is nothing material to prevent 
the deck bcing raiſed nearer the laden water line. 


As various caſes will ariſe different from thoſe I have aſſumed, I ſhall 
conclude with giving a theorem on the equipoiſe of ſtability, coincident 
with the rules inveſtigated by theoretic authors on Naval nn 
and ſufficiently ſelf-evident to need no demonſtration. 


* 


Let 5 repreſent the natural fine of the 10 chat may be heeled, radius 
1 I. 


4 the diſtance between the centre of gravity of the boat and cargo and | 
the metacentre = line g n, fig. V. plate I. 


w the weight of the boat and cargo. 
Theſe combined, viz. 5 d will form = reſiſting power to overturning. 


Let repreſent the quantity or preſſure of the power tending to overturn 
the boat, or to keep it in equipoiſe in any poſition, | 


the arm of lever with which it acts. 


Then we have the equation of 5s 4 w = p b. from which the value of any 
one of the requiſites to a ſtate-of e may be found, where the reſt 


are given. | x 
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CHAP. V. 
On „. Ane if Wheel Boats an — Planes to A and 
NOT in which that _— wy be improved. 


. . ar teil- 

ways from the different pits leading to one general way, which terminates 

at the river or navigation, where the coals are to be diſcharged: ſome of 
which railways are in Northumberland and Durham, from 6 to 10 miles in 


The mode that ſhould be adopted muſt depend on the diſtance the article | 
has to be conveyed to the main river or navigation; and on the form or 


poſition of the intervening ground, which I ſhall claſs under the three fol- 
lowing heads. . 


. . "nt Ds! nearly horizontal, or with moderate declivity, and without [' 
_ valleys. „ | | „ 


ad. Gently declining countries, with Tow valleys wading to the river or 
navigation, taking off the coal. | 


3d. Mountainous countries. 


In the firſt inſtance, if the horizontal line point towards the place of diſ- 
charge, a Canal of ſome ſpecies is clearly eligible, if the length require it: 
but, if the courſe of diſcharge be in the line of gentle declivity, a railway 
would generally be the beſt. In the ſecond inſtance, viz. of deep valleys ; 
it is ſufficiently plain, that ſome part of the bottom of the vale would be 
2 proper place bor he the water of the colliery by a drift, which 
would 


A 

| | 0:99 3 | 
would eſther reduce the lift of the water, or 17 the eber quite ay | 
In either inſtances, particularly the latter *, the drift may, as obſerved in a 
preceding Chapter, be made navigable for boats of about four + feet width, 
ſuitable to the baſkets or boxes, in which the coal may be brought from 
the face of the works, and be continued as a Canal along the fide of the 
vale, until it attain the level of the flat country. Then, if the diſtance to 
the river 6r navigation be ſhort, or otherwiſe unfavourable for the conti- 
nuance of the ſmall boats, they may diſcharge their contents to be led away 
in waggons. But if, by deſcending to the bottom of the vale, a conſider 
able length of level can be obtained in a proper direction, an n plane . 
for the boats map then be adviſeable. FREY 


| In the 3d inſtance, that of a 3 country; there, generaily, will 
be ſufficient difference of elevation on a regular acclivity, tranſverſe to the 
line of a to obtain 95 levels: If otherwiſe, a rail- way will 88 be 


the beſt. 


It a Canal be reſolved on in any of theſe inſtances, it will become a 
matter of enquiry, what mode of it ſhould be adopted : but, previouſly to 
the diſcuſſion of this point, I will conſider how far wheel-boats may be 
made uſe of under 5 198 Wo, 


.In the great coal mines of Worſeley, there are n on three differ- 


ent levels. The firſt is on the level leading all the way to Mancheſter, 


which branches to the right and left in every ſeam of coal that it paſſes 
through: in each of which, by means of drifts at regular diſtances, the 
coals are brought down the declivity of the ſeam to the boats. . 


In this, the navigation would, of courſe, be continued through the level of every ſeam 
ef coal interſected. 


+ Boats of this width will frequently be ſufficient if the a be brought out in boxes or 
baſkets ſuited to the land conveyance in the mines. The baſkets, if circular, are in moſt 


places called Corves, and when ſquare, or if with ledge bottoms, their name is more local, 


0 G2 . From 


(an ) 


| Ie is ani that the diſtance which the coals may be brought 

ä | will progreſſively become ſo great as to be attended with material expence: 
From this cauſe, the Duke of Bridgewater has fouud it convenient to run 
other levels through his coals at a height conſiderrbly ſuperior to the tun- 
nel from the Mancheſter Canal, which interſects all his ſeams, and from 
which other Canals branch, as already obſerved. : 


f 


I, 


The higher Canal where it croſſes the main tunnel, has a pit communi- 
cating with the fide of it, down which the coals are ſent from the upper to 
the lower boats, and by their deſcent raiſe a proportionate quantity of lime- 
ſtone up another pit to the ſurface of the ground. The charge of the oper- 
ation is not great; but the frequent delay attendant upon this method, is 
ſuch, as may render it eligible in ſome inſtances to convey the boats them- 
ſelves from the upper to the lower Canal“; and in all ſituations where the 
dip or fall of the ſeam is ſufficiently great, for the weight of the laden 
boats to overcome friction and other impediments to drawing the light ones 
up, I conceive the ſyſtem of inclined planes and wheels under the boats 
might be adopted with advantage. It may likewiſe ſometimes be ſo, where 
the navigation through the coals is below the principal level; but, in both | 
caſes, if the coals have to be drawn up a pit, it will frequently be better, \ 
to communicate between each Canal and the pit, by a navigable ſtone 
drift; the propriety of which muſt be determined by the probable coſt of 

the drift, and the quantity of coals that would have to paſs through it. 


Parallel Canals along the ſeam of coals, if eaſily executed, would be eli- 
gible every 2 or 300 yards, at leaſt; and would require ſo many drifts or 
tunnels to the pit. The more diſtant tunnels would become long and ex- 
penſive; therefore, if the depth of the pit and the feeders of water be not 
very conſiderable, it is obvious, that new pits ſhould be ſunk to correſpond 
with every Canal, or every other one, according to circumſtances. If the 
inclination of the ſeam be moderate, and it be not eligible to ſink more 

_ pits than one, it will be adviſeable to _— deep enough to correſpond with 


0 They wow laſt . this, by cutting an inclined plane through the 
Kone and other ſtrata,» which I am informed is now completed. 


the 


(8) 


the furtheſt FRETS Canal throygh. the coal, and to run a navigable dun- 


nel to interſe& it. The intervening Canals through the coal, may com- 


municate with this tunnel, where they croſs it by pits, down which the 
coals may be lowered to other boats. This may be rapidly done by pro- 5 


per machinery, as the baſkets * or boxes will only have. to be lifted above 
the ſides of the upper boats: but, where the quantity is very great, it may 
often be adviſeable to form ſteep inclined planes for wheel- boats, taking 
care, of etl, that the extremities be ICY horizontal, 


1 by no means FO to infer, that ſubterrane dun Canals are proper in 


all collieries. Thoſe, whoſe beds of coal lie nearly horizontal, and are 
much troubled with dykes or fiſſures, raiſing or depreſſing the ſtrata on 


each ſide, and have, at the ſame time, but one workable ſeam are under 


the worſt predicaments; as the re- obtaining of the level of the Canal, in 
the coal, on croſſing a dyke, would be attended with a comparatively 


great length of ſtone drift, and no opportunity afforded of ſtriking into any 


other ſeam, brought nearly to the ſame level, by the riſe or fall of the 
ſtrata on.the other ſide. Alſo, in collieries fayourably circumſtanced for 
the formation of Canals through. their ſeams, they can only be eligible 
where thoſe Canals communicate with ſore other navigation, as at Worſe= 
ley ; or their depth below the ſurface, or other cauſes, prevent the pro- 
priety of having pits near to each other. The ineligibility of many pits 


in deep collieries, particularly where the water is to be drawn a great heght, 
is often, ſuch, as to render ſubterraneous Canals eligible, under a conſidera- 


ble degree of the unfavourable predicaments mentioned, 


7 ; As the Duke of Bridgewater is the parent of Canals in theſe kingdoms, 


and the country ſtands highly. indebted ro him, I ſhall draw another ex- 
ample from his collieries, to explain how the coals are raiſed from the - 
ſeams below the level of his great drift or tunnel, that communicates with 


the tranſverſe branches. 


„ Theſe baſkets or boxes being the ſame as the coals are firſt filled into at the face of the - 
workings, unleſs, from local circumſtances they be very {mall, and then it may be eligible . 
to ſhoot them into larger boxes as at Worſeley. 2 


The 
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The boats in the lower Canal contain a number of ſequure windy 
filling them acroſs, and ſtanding cloſe to each other. The coals being 
filled into theſe boxes, the boats are then brought under a pit ſunk from 
the ſide of the main tunnel from the Mancheſter Canal; to which, by 
means of water tubs deſcending from the furface of the ground to that 
tunnel, the coal boxes are drawn, and are. then EI in other boats to 
convey them away. 


In diſtricts where the coals are not conveyed out of the mines by driſts 
as above - mentioned, but up coal pits to the ſurface, and have to go from 
thence a conſiderable diſtance; they may either be filled at the mouth of 
the pits into wheel- boats and ſent forward, as already deſcribed by ſmall 
Canals to the coal-ſtaith or main navigation: or they may be ſent in 
waggons to be placed on the decks of boats—Likewiſe, whenever coals in 
large quantities, lime, lime-ſtone, or other minerals, have to be conveyed 
along Canals where there is a ſcarcity of water, it will be eligible where it 
can be done, to overlap the levels in a ſteep place, and communicate them 
by an inclined * plane for boats, or a double rail- way for waggons, leaving 
che lock communication to anſwer all the general purpoſes of commerce, 
and to occupy as ſhort a ſpace gs it ean. But, where there is no aid of _ 
exiſting Canals, and circumſtances are favourable for long levels, I think, 
that in place of wheel-boats from every pit, which would inevitably, in a | 
ſhort time become leaky, it would be better to make uſe of waggons to go 
into ſmall boats, in a fingle range, and for one horſe to draw a couple of 
them. The points then to be attended to, will be, that the boats occupy 
as little width of Canal as may be, without being liable to overturn, or to 
draw too men water for fords. 

Condat to theſe requiſites, a boat of 6 feet 6 inches width of bottom, 
and 3 feet 6 inches height, with each fide overhanging three quarters of its 
vertical height, to the extent of two feet above the bottom, and then 


»»This may be eligible where branch Canals on the ſmiall ſcale bring in a great quantity 
of carriage; but if otherwiſe, and there be a general ſcarcity of water not to be remedied 


by reſervoirs, then the methods of Mr, Weldon or Mr. Rowland, or fimilar plans, muſt be 
reſorted to, 


curving 


4s) 2 


| curving: 8 fo as to make the full width only 10 feet FAIRY will 
be found ſuitable ; as at 36 feet length. (excluſive of the ends) it will carry 
4 challer wagen at nearly 2 feet 3x inches fraught of water. 


ol a two of theſe biota th be dren, by one horſe ; and ſteered 7g a 
ſhort ſteer- beam, fixed as already deſcribed. If both ends of the boats be 
ſquare, they muſt be kept ſo far aner as to admit of nes a fuse 
3 in e | 


T he fole alteration of the v waggons from thoſe deſcribed before, is, that 

I propoſe their wheels to be 18 inches, in place of two feet diameter ; and 
the height of their bodies 3 feet 6 inches, in place of 4 feet: which defi- 
ciency of height will be compenſated by making the bottom one foot 
wider than the former, and nearly of, the ſame length as the top, which 
will only require an additional ſet of falling leaves at the bottom, Theſe 
waggons, admitting the raiſed heap of coals to average fix inches above 
them, will carry their centre of gravity (with the ſame allowance as to 
wheels, &c. as in the preceding eſtimate) at two feet one inch above their 
bottom; which being three inches above the axis of their wheels (of 18 
inches diameter and treading 15 inches above the boats bottom) fixes the 
| centre of _ of the ap at 4 feet 4, or 52 NEAR 


r 6 


The boat may draw leſs, but will be hm to draw 9 inches water : 
its width of flotation will then be 7 feet 7+ inches, and the weight of one 
waggon, of 68 Cwt., reſting on 9 feet * * ſink it; as ene _ 
ſerved, to nearly 2 feet 3z inches. | 

The centre of gravity of the boat will be nearly at 15 inches from its 
bottom, ſo that the difference between the two centres, will be (52—15) 
237 inches. Their proportionate gravities, according to the premiſes, 
will be 5.28 and 13.6, ſo that the mean centre of gravity will be raiſed 
26.65 inches and be at 41.65 inches from the bottom. At 2 feet 34 inches 
draught, the laden width of flotation will, jn the form deſcribed, (vide 
plate III. figure 2) be nearly 9 feet 10, or 118 inches; which, according 
to the ape method of proceeding, defend! in che preceding chap- 

er,” -* 
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ter, will, on heeling 5 44 21” raiſe on one fide, and immerſe on the other, 
a triangle of 1.2146 ſuperficial feet, and remove its centre of gravity 78 4 
inches, which will remove the centre of gravity of the whole maſs, of the 
ſection 18.88 ſuperſicial feet, 5.060 inches laterally, and fix the metacentre 
at 50.6 inches above the centre of gravity immerſed : which, according to 
the rules already explained, will be nearly at 14.7 inches ; and, conſequent- 
ly, the metacentre at 65.1 above the bottom, and 23.45 above the centre 
of gravity of the boat and cargo, which is above all reſiſtance that can be 
required. However, as, from the narrowneſs of the boat's bottom, it may 
have the appearance that it will be otherwiſe when it is light; ; I ſhall alſo 
inveſtigate che clrcumltances of it in that caſe. 


The light Waggons woke aſſumed, as before, at 15 cwt.; and occupy- 
ing 9 feet length, their ſection of ſurport in the water will be 3“ ſuperfi- 
cial feet, the increaſed depth 4.55 inches; and the boat's line of flotation 
98.325 inches (correſponding with 13.55 inches draught.)— Then, ad- 
mitting the centre of gravity of the light waggons to be 2 feet 4 inches 
above their tread, or 3 feet 7 inches above the bottom, which is full as high 
as it ought to be; and taking, as before, the boat's centre of gravity to be 

15 inches, there will be a difference of 28 inches, which proportioned ac- 
cording to their maſſes, will fix the mean centre at 25.145 inches above the 
bottom. The centre of gravity immerſed is according to the premiſes, at | 
7-035 inches, and the effect of heeling 5* 44 21" well, according to the cal- 
culation for boats with overhanging ſides, remove it 6.51472 f inches la- 
terally, ſo as to fix the metacentre at 72.1822 inches above the boat's bot- 
tom ; and conſequently 47.0372 inches above the centre of gravity of the 
boat and cargo: therefore, there will be a weight of 8.28 cubic feet of wa- 
ter on an arm of lever of 4.70372 inches 2434. Ibs. and inches ꝓ, on 
every foot 3 to > reſiſt any overturning force; * as the e. in 


— 


7 


#* That of the light boat i is 5.28, od conſequently the whole i is 8.28, 
+ Triangle immerſed .829098 removed 65.061, as 8.28 : FRY 829098: 6. 51472. 


1 4.70372 c 8.28 X 624 (the weight in Ibs. of a cube foot of water = = 2434 1bs. and 
inches. N. B. Where the weight has been ee in tons, 30 cubic feet of water "nave 
been aſſumed as a ton in place of 35.84. 


f 


the 


TBE | 


the light boat will, when heeling, be g feet above the water's ſurface, and 
the half depth will then be about 10 inches; there will, with a wind of 
two pounds to the ſuperficial foot, (admitting the waggons to occupy the 
whole length) be an overturning force of 10lbs. x 40 inches, = 4colbs. and 
inches, which will leave a ſpare reſiſting force of 20341bs. and inches; equal, 
as the top width of the boat is 10 feet 6 inches and the line, u, 59.66 
inches, to a weight on the gunwale of 341bs. on every foot in length, which 
is more than there ever need be, and conſequently no impediment can ariſe, 
if the boat be kept going with ſufficient velocity to prevent it from being 
driven aſhore to leward. ; | 


According to the method of calculation purſued for upright · ſided · boats 
of the ſame width of flotation line, the triangle immerſed would have been 
+8434, and the ſpace removed 65.55, which would raiſe the metacentre 
above the centre of immerſion nearly 2 part more than true calculation, 
viz. 1.622 inches; which, where there is much room to ſpare, as in the 
preſent and preceding inſtance, would be of little moment : but, where the 
metacentre barely riſes above the conjoint centre of gravity of boat and 
cargo, the difference, under large angles of overhanging of the boat's ſides, 
will be material. wn 


* 


In figures 1 and 2 of plate III. M. G and E ſhew the poſitions of the 
metacentre, combined centres of gravity of boat and cargo, and centres of 
gravity of the part immerſed, when the boats are laden, and under the 
given inclination : and , g and e, fg. 2, ſhew the ſame poſitions when the 
waggons of fig. 4 (of which, fig. 2, is the profile) are empty. Whence it ap- 
pears that 0 #2 is the arm of lever, with which the weight of the boat and 
waggons reſiſts any overturning force; and 1 (which is equal to the ſection 
of the angle of heeling, the half width of the boat being radius,—the fine of 
the angle of heeling, the vertical? height of the metacentre above the de- 


#- & S* * 


* This vertical height is the ſine complement of the angle of heeling, when the radius 
is the difference (on the biſecting line of the boat) between the metacentre and the height 
of the boat's gunwales + the fine of the angle of heeling,' the half width being radius. 

In practical inſtances, the admeaſurement on the line 1 on the fgure, or diagram, may 
ſuperſede the calculation. | | ; 

H | preſſed 


GA 


| _ preſſed gunwale being radius) i is the arm, with which any weight den the 
gunwale would act. 


As the boats, No. 1 5 2, are propoſed to reſt with their cargoes in 
docks, they are neceſſarily flat bottomed, and the flat part ſhould at leaſt 
extend as wide as the railways of the waggons, that they may have a firm 
ſupport. . The form of fg. 2 is calculated for a limited depth, in a narrow 
Canal ; and ſo as not to cut its banks, and may. be improved by ſwelling out 
the ſtreight part of the ſide in a gentle curve. Fig. 1 admits of being con- 
ſiderably ſo by adopting the curved form of the ſides ſhewn by the dotted: 
lines ; which, by leſſening the injury to the Canal-banks, would more than 
compenſate any greater expence there may be in conſtructing the boat, or 
in obtaining proper knee timbers of that form. The caſual injury to the 
banks from particular forms of boats, although of no immediate moment to 
the boat owner, is of material conſequence to the Canal proprietors, and. 
_ deſerving of attention in their bye-laws. 


To enter into a diſcuſſion of the correct methods of obtaining the depths 
of immerſion, the lines of flotation, and metacentres under thoſe forms, 
would be unneceſſary; as the reader will clearly ſee, from the preceding 
examples, approximate methods of obtaining them an near for all 
practical purpoſes. | 


Theſe 3 as already deſcribed, ſhould: be laden and delivered in a 
dock, nearly of their form: the bottom of the dock, to prevent accidents 
from ſlones being thrown in, may conſiſt of a number of tranverſe ribs, 
ſufficient to ſupport the boat ; and with cavaties between them. The 
| ſame circumſtance ſhould, of courſe, be attended to in the dock for the 
large boats. ; 


It has already been ſuggeſted, that the ends of the boats may be of leaves 
to be let down: which, being ſo narrow as only to admit the wheels to 
paſs, will be no way unmanageable ; and, in boats carrying two ranges of 
waggons, ſhould conſiſt of two parts, viz. a ſeparate * leaf for each range : 


* It is ſcarcely neceſſary to ſay that they muſt ſhut againſt a lining of bend - leather, or of 


coarſe woollen, or other ng ſubſtance, to keep them water tight. 5 0 
and, 


(59 ) 
and, they need only be at one end, unleſs the inconvenience of turning 
wy boat be deemed of moment. 


As thoſe ſingle ranged boats are . propoſed, principally, for the uſe of 
collieries, and for the ſaving of railways, which are not only expenſiye 1 in the 
firſt conſtruction, but even in their maintenance; it remains to be conſi- 
dered how far the Werde nn will come within proper bounds 8s 
to charge. 

This muſt depend on the nature of the country, which I have ſufficiently 
claſſed, and deſcribed. The dimenſions of the Canal need be no deeper 
than for the wheel-boats, viz. 3 feet 6 inches in clear water, and 2 feet 
6 inches over the paved fords : but, it will require to be 5 feet broader in 
the bottom than eſtimated for thoſe boats, viz. to be 14 feet at the bottom 
and 24. feet 6 inches on the water's ſurface in place of 9 feet, and 19 feet 
6 inches, The difference of expence will be inconſiderable. Each run- 
ning yard of level cutting will contain 74 cubic yards of earth, which at 4d. 
would only be equal to 28. 6d.; to which is to be added the track-road, 
highway bridges, tunnels, &c. &c.; all of which will depend on local cir- 
cumſtances : but, in favorable ſituations, will coſt leſs than a double railway 
of timber only, and not require nearly the repairs, and be attended with the 
advantage of a horſe drawing 8 large waggons in place n 
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CHAP, VI. 


* 


On the apphi cation of Inclined Planes to the Great Rivers of America, 
or on the Continent of Europe, with POT Ve on the Navigati on of 
Rivers and Lakes. 


GREAT rivers, in their natural ſtate, are moſt of them unnavigable in 
dry ſeaſons for any conſiderable extent, through . want of ſufficient depth 


of water in the rapids; and if navigated from their mouths to their head 


branches, they frequently uſe different veſſels, as in the Ohio, for the con- 
veyance of the ſame cargo in different diſtricts of the river, according to 


the depth of water, the gentleneſs or rapidity of the current, and * means 


of advancing againſt it, 


In the higher diſtricts, many of thoſe veſſels would be ſuited for paſſing 1 
on carriages, up or down inclined planes; and might, with propriety, be 


transferred by ſuch conveyance to different levels of canal, ſo as eventu- 1 


ally to paſs through any gap of the Allegany Mountains, or of any other 


ridge, ſeparating rivers of contrary courſes; but, in the rivers themſelves, 


inclined” planes will very ſeldom be adviſeable, particularly i in thoſe that 


| riſe 15 or 20 feet or upwards. The banks of ſuch rivers would not often, 


without great expence, admit of a guard Lock and Canal from the head of 
a fall, to ſuch diſtance downwards, as to place the head of the inclined 
plane out of the reach of the floods. The inclined plane navigation in 
rivers would always be dependent on. Locks, to the extent of the riſe of 
floods; and at thoſe periods the riſe uncovered below the Locks would, in 


ſmall falls be trivial, if any thing at all, and attendant with all the trouble 


of paſſing great heights. The expence of their conſtruction would, like- 
wiſe, be nearly the ſame. - In rapids, the declivity would, in general, be 


too gentle to uſe the inclined planes in dry ſeaſons, without the aid of a 


long 
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long collateral Canal: and the quantity of scene would. moſtly be too 
inconſiderable to render the uſe of thoſe planes eligible. Therefore, they 
would rarely be ſuitable in rapids, and neyer in ſmall falls. In the large 
falls they can ſeldom be adyiſeable, but in the higher parts of the rivers, 
where only canges or batteaux are uſed. The Cohoes fall, near the mouth 


of the Mohawk, may be nden on account of the e rapidity of 


the river. Fe, 


The falls of the Potowmack, above Waſkington, Aiffer | from the pre- 


ceding inſtance, in their occupying a conſiderable length of the river, in 


place of being precipitous, Jike the Cohoes, which is 75 feet perpendicu- 
lar; and in the Potowmack, being ſuited for much larger — than the 


3 


The great falls of the Potowmack are 14 miles above the City of 


Waſmhington, and deſcend 72 feet in one and a half miles length of the 
river. The little falls deſcend nearly 37 feet in about two miles length, 
and are four miles above the City. In the year 1794, there were fix Locks 
building to paſs the upper falls, and three to pals the lower “. I 
The length occupied by falls, will not, ſimply in itſelf, militate againſt 
inclined planes, becauſe there are many inſtances where a Canal, on one 


level, may be continued from the head of a ſeries of ſmall falls, to a ſteep 


declivity at their termination, where the whole fall may be obtained at 


once ; but in general, it will be found leſs expenſive to adopt different 


W 
be ſuited. | | 


Inclined planes, 3 to fome of the methods mentioned in the firſt 
| Chapter, and explained in the ſubſequent one, may be applicable to veſſels 
of 15 or 20 tons, but would not, I think, be eligible where there is plenty 

of water, and proper ſituations for Locks and their intervening ponds: as 


* Obſervations on the river Fe I and dr of n 
in 1794. 


. 


4 nt New Vork, 


Locks 


* 9 * 
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Locks on an economical plan, and complete in their eſſential parts, might 
(where materials are at hand, as they generally are in ſuch ſituations) 
be built on falls not exceeding 30 or 40 feet, at as little expence as a 
double inclined plane and its apparatus; and with ſuch boats would, in all 
caſes, be attended with leſs hazard. In lower falls, if even precipitous, 
Locks and their Canals would be the leſs expenſive of the two methods. 
In great falls, as already implied, much will depend on the length of river 
occupied by the fall, and the circumſtances of its adjacent ſhore. 


In general, in great rivers, where partial contraction will not give depth 
in the places wanting it, or the current is too rapid to be navigated againſt, 
Locks have decidedly the advantage. 

It not being the deſign of this eſſay to diſcuſs how far Rivers or Canals 
are preferable to each other, I ſhall confine myſclt to a few general obſer- 
vations. c | 

Rivers, with ſimilar declivities and impediments, and of equal magni- 
tude as to the quantity of water paſſed to the ſea in the courſe of the year, 
may be eſſentially different as to the duration of time they may be navi- 
gable. If fupplied from great lakes, their navigation will be more uni- 
form and more fuited for boats aſcending, than if more immediately effect- 
ed by rains. Much alſo depends on the ſoil, the ſuperior ſtrata, and the 
declivity of the adjacent country, as to the abſorbtion and flow tranſmiſſion 


of incidental rains. 
\ 


- 


In ſuch great Continental rivers as have not the aid of lakes to equalize 
the paſſing off of the ſtreams that fall into them, the winter's ſnow in cold 
climates, anſwer, to a material extent, the ſame end; as, in the courſe of 
their diſſolving, they give a conſiderable duration to. the navigable period, 
which ſo far as it may be ſhorter than it would be with the intervention of 
lakes, is counterbalanced by an increaſe of depth; which, in ſome inſtances, 
is of more moment than longer duration. In warm climates, the fame end 
is 288 by che length of the periodical r rains. | 


| When 
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When a country 18 thinly inhabited, and the objects are few, or not Va- 
I | luable, or capable'of floating themſelves, any temporary water conveyance. 
1s of moment; although only practicable in freſhes or after the melting of 
\ the ſhow. As population and commerce increaſe, it becomes adviſeable 
to remove ſuch impediments, in thoſe rivers, as are eaſily effected, and, 
then, if the chief part of the conveyance be downwards, and no cataracts in 
the way; and timber to build temporary veſſels be convenient, and labor 
not high, the principal objects are attained, as is the caſe on the Duna, and 
on the Ruſs ; where hemp, flax, &c. are brought down on rafts of fir tim- 
ber, and in temporary veſſels of 2 or 300 tons burthen, all which come 
down in the flooded ſeaſon. 
Theſe veſſels are flat bottomed, and ſlightly conſtructed for the paſſige® © 
down only; being afterwards broken up for fire wood, or any purpoſe. 
For thoſe objects the Navigation deſcribed is prefereable to any other that 
is attainable ; as the current of the river effects, what would require the 
aid of many horſes in the Navigation of a Canal, excluſive of the charge 
requiſite to reimburſe the expence of forming it, which circumſtances more 
than counterbalance the conveyance againſt the ſtream of a comparatively 
ſmall quantity. The incenveniences of that conveyance, depend on the 
duration of the dry ſeaſons ; the magnitude of the boat which the river will 
admit of, and the means of advancing againſt the ſtream. A ſtrong and 
fayorable wind is undoubtedly preferable to all other means ; but, in gene- 
ral, is too uncertain. Of the remaining methods, hauling is the beſt, but it 
requires a ſhore free from trees and buſhes, and ſufficient depth of water at 
no great diſtance : poling, or ſetting, which cannot be done where there is 
much depth of water, is the next, and rowing is the worſt f of all: yet, 
even under the laſt predicament, the Navigation againſt the ſtrong current 
of the Miſſiſſippi, from New Orleans to the mouth of the Illinois, a diſ- 
' tance of about 1200 miles by the courſe of the river, and near to 700 in a di- 


* Where rivers are of ſufficient depth, as from the lower part of the Illinois down the 5 
Miſſiſſippi, ſea veſſels may be built, and e of with their cargoes, as has been in con- 1 
templation. 


+ With the ſtream it is clearly the beſt. | 
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rect line, was: performed * by the French traders in little more 1 


weeks, with twenty oared boats carrying 20 tons, conſequently, admitting 
30 men to be a proper crew for one of theſe boats; which would allow the 
people, during the day, to row two hours and reſt one; the expence of con- 
veyance (the boat excluded) would be equal to about 105 days wages of one 


man, for conveying a ton of goods the diſtance of 700 miles, or .one days. 


wages for nearly 7 miles, in a direct line; which, in the uſual circuit of Ca- 
nals, may be eſtimated at about 9 miles. This, at the rate of wages in a 


populous country ; and ſuch a country only could afford Canals, would be 


fully as cheap, even upwards, as boatage and Canal dues. Downwards, the 
advantage is decidedly great, as the paſſage would be performed in about a 
fourth of the time, and with veſſels of greater magnitude, Thus, it clearly 
follows that, in point of political economy, extenſive rivers are, generally, 
far preferable to artificial Navigations; and all that is left for man to do, is 
to endeavour to remove the obſtacles in them, or to paſs thoſe impediments 
by Canals and Locks ſuited to the ſpecies of boats that the river admits of: 
but, towards the ſources of theſe rivers, where they become ſmall, and have 
many rapids, the time will probably arrive, when the temporary Navigation 
they are capable of, will not be equal to the wants of the country; and 
collateral Canals will be requifite. At this period, the land will have be- 
come valuable: it will, therefore, be adviſeable, in a riſing country, to lay 


\* 


out thoſe lines approximately on its firſt ſertlement; reſerving a proper 


width for them, in the original grant of the lands, with power to exchange 
the land of that line, for any other found more convenient, on a full inyeſti- 
gation; and, thus, avoid all the difficulties attendant on thoſe meaſures 1 in 


England. © | : 


* 


The general preference that I have given to great Rvers over artificial 
Navigations, will * no means univerſally hold, of which many inſtances 
might be adduced. = . 


The river St. a from Montreal to Kingſton ar the entrance of 


Lake Ontario, is about 160 miles; eight leagues of which 1 is widely ex- 


„ Vide Captain Harry Gordon's Journal, in Wee to Goerner Pownal's 1 


phic r of America. 
renkled. 
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panded, and forms Lake St. Franck, where the current of water, if any at 
All, muſt be trivial. The upper part of the river is gentle ; but the re- 
maining diſtance of nearly 100 miles, is a ſeries of rapids 75 which makes 


the Navigation difficult, even with batteaux carrying 35 to 40 cwt. The 


paſſage depends partly on the wind on Lake Francis, which frequently de- 
lays the batteaux for ſeveral days. The whole paſſage, from Montreal to 


Kingſton, is ſometimes performed in 9 days, or in leſs time, but is, gene- 
rally, from 2 to 3 weeks, or upwards, fo that they do not average 10-miles 
2 day, and that with great labour, generally with 8 men poling againſt the 
ſtream; and occaſionly, as in other ſimilar rivers, getting into the 


water, and hauling the batteaux over the ſhoals. They often perform the 
voyage downwards in 3 or 4 days; but, on account of the danger of run 


ning againſt rocks or ſtones with the great velocity they deſcend with, they 
oy carry about half the lading, which they take upwards. | 
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The freight up, is, 41 am informed; generally 18 per — 15 0 2801b, 5 


equal to 61. 8s. per ton for the whole diſtance, or gad. per ton per mile: 
conſequently as dear as land carriage in ſome parts of England. In this 
inſtance, the utility of a Canal becomes obvious; notwithſtanding the St. 
Fete er has the I of iſſuing from great „ 
Uppwards, from Port Kingſton, packets, or ſea veſlels, of 2 to 300 tons 
or more, navigate Lake Ontario: and, obyiouſly, can carry articles much 
cheaper than batteaux, or canoes, which are ill- ſuited to large lakes; unleſs 


ſheltered from the wind, by the ſhore or by iſlands. There are, however, 
many inſtances where imperfect Navigations admitting of diſpatch, are pre- 
ferable to others, much cheaper, that are attendant with delay, which ariſes 
from the ſame principle, that land carriage, by Waggons, is preferable to 


ſea conveyance; and the more expenſive carriage of articles, by coaches, 


preferable to either : but this can only take place in articles of high value. 
On this principle, canoes of birch bark, carrying from 3 to 4 tons in pack- 
ages of 80 or 100lbs. weight, are navigated, by about 14 men, from Mon- 
treal to Machilimakinac, frequently in 15 days, aſcending from Montreal, 


Here and throughout this work, I include rifts (or {mall falls navigable for canoes or 


batteaux) under the general denomination of rapids. | 
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bp the Outava, carrying the cargo add Give paſt the ade of ber hep 
fa on chat river, and over the carfying place from it to lake Nipiſſing, 
through which, and down the French river, they proceed to lake Huron, 
and along its arch ſhore to Machilimakinac. The whole of this diſtance 
is nearly 600 Engliſh miles, and clearly proves that falls and portages are 
impediments far inferior to long contiuued rapids, The ridges of rocks, 
which form the falls, penn up the water above them, and anſwer, naturally, 


he fame purpoſe as Locks and Weirs, in ſtilling the current, and giving 


depth of water, which Governor Pownal Jas Joly obſerved in his 1 


| graphic account of America. 


Wich articles of ſuch high value as furs, chat have alſo to be EP in 


different rivers, and conſequently, with the goods ſent to purchaſe them, 


the line of navigation deſcribed would probably be eligible, if even a ſhip 
I were open between lakes Ontario and Erie. 


1 mixed navigations, where Ya” Kean or Canals alternate with 
each other, and where the lakes are fo ſmall as not to admit of the expence 


and delay of tranſhipping the cargoes at each end, the commerce will be 


beſt carried on in boats that are not too large for rowing, particularly 
Where there are any narrow paſſes among ſhoals, through which ſuch veſſels 
As the river would otherwiſe admit of, could not turn to windward, and 
where towing paths could not be conſtructed. In theſe caſes, boats inca- 
pable of rowing, would often be ſo long delayed by contrary winds, as to 


add more charge on the tonnage conveyed, than would take place in boats 
of 10 to 20 tons, capable of both rowing and failing; excluſive of the de- 


cided advantage ariſing from ſuperior expedition, and from the leſs delay 
in lading and delivering, particularly if the cargo have to be collected in 
different packages. But, where the quantity of commerce is great, and 
the articles bulky, then, wherever practicable, it will be adyiſcable to paſs 


ſuch lakes by a collateral Canal. 


— 
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The Car, Peter the Great, ſet a praiſe warthy example i in \ the Canal © 8 
Ladoga, through which there paſſed in the year 1778 *, four thouſand nine | ; 
hundred and twenty-ſeven veſſels, which, through the large lake of La- | 
goda would have been attended with great danger and delay, particularly 
as the yeſſels are, from the nature of the upper Navigation of the rivers 
and Saber cauſes, I ſuited for the paſſage through ſuch a lake, | 15 : 


x if 


the lower parts. of rivers, on principally, of changing the 
article of conyeyance, we may now examine their n n 0 N 
ſity of that change takes place. =. 


A communication between the lakes Ontario and Erie, for the ſhipping 
9 * navigate thoſe lakes would be highly deſireable; as then, the ſame 
veſſels might navigate the lakes Michigan, Huron, Erie, and Ontario: 
but the height ot the cataract of Niagara , and the fall and continued ex- 
tent of the rapids are ſuch, as to preclude at this period, the idea of fuch a 
navigation: therefore, as tranſhipping is requiſite, and great falls are ſuited 
to inclined planes, that ſyſtem, as being attended with PT + 195 ſmall 
expence, aꝑpears ſo far to be favourable. bel e 


e Deficiency of local knowledge muſt prevent a deciſive opinion on what 
meaſures ought to be adopted; but I can ſcarcely heſitate to ſay, that 
wheel- boats would be ineligible even there, becauſe of their incapability of 

carrying many of the articles wanted to be transferred, and their being to- 

| tally unſuitable to enter the Streights of Niagara: conſequently, if inclined 

planes be there Es to other mee it muſt be on the plan of cen 


F 


— 


* Travels SWEAR Sweden, Ruſſia, Denmark, &c, by W. Coxe, F. R. 8. Since that 
; period, I ſuppoſe, the number has conſiderably increaſed. | 


+ The fall of Niagara is about 240 feet, and, incluſive of the rapids immediately above, 


* 
* 


and for about three leagues below, is ſuppoſed to be more than 400 feet. Were it ſimply 
like the falls of St. Mary, ſeparating lake Superior from lake Huron, the magnitude of the 


objeR in the preſent ſtate of population, would Oy warrant ſuch an W as 8 
navigation for ſhips. 
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veying upon carriages, boats of 8 or 10 tons, more or leſs „; whether the | 


upper termination be at the end of the preſent portage above the great 
rapids, or extended ſo far collateral to the wi iſt running ſtream, as to 
make the ſubſequent navigation perfectly eaſy to ſhips. In the firſt pre- 
dicament, it is clear, that after the goods have once been placed in boats 
to go upwards, and brought to the end of the Canal and head of the 
* rapids, it muſt be more eligible to take the boats forward by the ſide of the 
- ſtream where it is weak, than to permit the ſhips to come down to where 
they could not depart without a ſtrong and favourable gale ; and the prin- 
cipal trade, as to bulk being downward, it is en che beſt to ſend the 


articles * ſtream W the ſhips. 


In the remaining predicament of continuing the Canal to near the 


entrance of lake Erie, to ſome port or place where ſhips might lie cloſe 


oy 


to wharfs, dividing them from a baſon at the head of the Canal, the wheel- 


boats in queſtion would, as already ſaid, not be eligible, through their in- 


capacity of taking in ſeveral of the articles, and their being 1l]-ſuited to the. 


/ 


er of many of the others. 1 p 


* Probably lel in the rt infance ated, and more in the latter. 
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Deſcription of the Internal Navigation of China, with Remarks on itt 


Principles,. and. further Obſervations on Rivers and Inclined Planes. 


_ 


< 


of that Empire, which lays claim to a longer and more uninterrupted period 
of civilization, than any other nation of the globe: I preſume a few com- 


ments on the ſkill they have attained in overcoming aſcent and deſcent, the 


great difficulties in that art; will not be unacceptable even if attended with 


no inſtruction. I ſhall, therefore, avail myſelf of the information given 


in the account of the Embaſly, . and draw from TG: ſuch concluſions as 
it ww WAITAnt. 


The Chineſe, in their interior navigations, appear to have cleft leſs 
of the inventive than the imitative powers; as all their attempts in that uſe- 


ful ſcience, amount to nothing more than a ſervile imitation of Nature, in 
the navigation ſhe affords upon thoſe rivers, where the quantity of water is 


ſuch as to give depth, notwithſtanding the inclined poſition of their-ſurface; 


Where that inclination is ſmall, they have obſerved that both depth and 


width of ſurface may be combined, but that where it is great, the one of 
theſe muſt ceaſe to be extenſive ; and where from natural cauſes, the width 
has done ſo, a navigable depth has ſtill been retained, notwithſtanding the 
rapidity with which the water runs off: they have alſo obſerved, that thoſe 
rapids, even when contracted, are not navigable in dry ſeaſons in the 
ſmaller rivers, which naturally ſuggeſted the idea of preventing the waſte 
of water when not immediately wanted for the paſſage of boats; from 


whence aroſe the plan mentioned in 4th article of the 1ſt Chapter of this 
| work, 


Six George Staunton's acconnt of the travels of the late Britiſh Em- 
baſſy in China, affording an ample deſcription of the artificial navigations 


. 


* 
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wors, which the Chineſe have purſued as well as the Europeans, pro- 
bably without either copying on the other. | 


On theſe principles, they mew inverted their juſtly famous Canal, which, 
running through an extent of upwards of 500 miles, conjoined with the 
aid of natural rivers, gives, with the exception of one carrying place, an 
interior navigation nearly from the North to the South of the Empire, 
through an extent of upwards of 16 of Latitude, viz. from Tong-ſchoo-fon 


within 12 miles of Pekin, to Canton, the great mart for their foreign com- 
merce. | | 


Lo effect this purpoſe, it was only cenvilige to unite the Yun-leargs- 
ho, or Eu-ho, with the river Yangtſe-Kiang, a diſtance of about 3 50 geo- 
graphic miles in a direct line, which the comparatively flat ſtate of the 
intervening country eaſily admitted of; as the fall from the ſummit, either 
way, did not exceed that of many navigable rivers. On this principle, 
they contrived to ſeparate the river Luen-ho, which running from the 
Eaſtward from a higher level than the ſummit. of the Paſs, they divided 
into two diſtinct channels, the one running North to the Eu-ho, and the 
other South to ſuch part of the Yellow River as had ſufficient elevation to 
admit an artificial branch from it, to diſcharge part of its waters into the 
river Kiang ; from whence, as already mentioned, they had a natural navi- 
gation to Canton, with the exception of one carrying place, Here the | 
artificial navigation for the great purpoſe of traverſing the Empire ended ; 
but, as the river Kiang had ſufficient elevation at this place to admit of a 
new. channel to the head of the arm of the ſea Weſt of Tchuzen, at Hang- 
tchoo * on the river Chen-tang-chiang * > Within the flow of the tide ; 
which, 


® The termination of the Canal is in the Pe-hoo, a ſmall lake adjoltiog the town and 
river, which forms a baſon for the veſſck, which are exceedingly numerous here and 
throughout, and exceed all ideas that could have been reaſsnably formed: They are, in- 
deed, confined to the navigation of the Canal and Rivers it communicates with to the 
North, there being no navigable connection between the baſon and the adjoining river, 
(probably from the fall being too great to be conquered by their e and conſe- 
quently, Hang-choo-foo l become a great Ron. 


In 


V 
which, from this place for 60 miles downwards to where it Joins the ſea is 
of ſuch expanded width beyond its natural channel, as rather to deſerve 
the name of an arm of the ſea, as I haye already termed it. This great 
width, combined with its extenſive ſhoals, has apparently induced the 
patient and induſtrious Chineſe, to conſtruct a Canal nearly collateral to it, 


to a ſmaller river, ſo as to give them a more certain and ſafe communica- 
tion with Tehuſan, which lies in an ifland forming with others a prog) bar 


5 Hour, a little without the entrance of this inlet of the ſea. 


The Senden of the Canal to ee e lil alſo afforded them 
an opportunity of avoiding the great lake Poyang, about ſixty miles in 
length, through which the uſual route to Canton lies, which, ſo far as boats 
are uſed as a mode of travelling, and probably for other purpoſes they 
found eligible to do: although, at the expence of a Portage between the 
heads of the Chen-tang-chiang and Quang-ſin-ho, which latter difcharges 
into the lake Poyang, but communicates by artificial channels with the 
Kan-kiang-ho, near its diſcharge into that lake, which diſembogues itſelf 
into the river Kiang, and adds conſiderably to its magnitude, bu its 
courſe } is upwards of 2000 miles. 


The bein Küng 50 is then to be navigated for 300 miles, moſtly againſt 
a ſtrong current, to the foot of a ridge of mountains, ſeparating it about 30 
geographic miles, in a direct line from the navigable part of the river Pe- 
which runs through 260 miles to Canton, | E 


Theſe Tivers were navigated in their higher. or ſhallower parts by the 
Embaſſy, in lightly- conſtructed covered barges, deſcribed in one place to 
be ſharp built at the ends, flat-bottomed, about 12 feet broad, and 70 feet 
in length; they failed well, uſed cotton fails, and drew very little water, 
and, with a briſk ng favourable breeze, made no inconſiderable prograk 


In the carriage of grain from & Nn bo, or grain-bearing- river to Tong-ſchoo- 
' foo near Pekin, there is ſuppeſed to be atleaſt 1000 Junks employed; eagh containing 
fifty inhabitants, the boatmen living ia them with their families. Beſides which, an im- 
menſe number . other veſſels, 9 at leaſt in r are * in other com- 
merce. 


s * 
: agait 
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| en e ſtream without the aid of trackers. The trackers to Poe 1 


it appears, were generally about 15 men. relieved alternately. In ſome 


parts of the tiver Chen-tang-chiang, the peaſants were employed to deepen 
a channel through the ſhoals, although the barges drew leſs than a foot 


water, which is not unuſual | in European rivers in dry ſeaſons. | 


ws ano all hs 3 as they deſcended to deeper 5 5 they changed 
- from theſe light barges to Junks, which alſo navigated the Grand Canal; 


and when they aſcended the rivers to where they became ſhallow, they again 
quitted the junks for light barges, which latter they uſed throughout their 
navigation of the Chen-tang-chiang, the whole courſe of which above Han- 
choo-foo, where they embarked upon it, does not exceed 200 miles. 
Theſe junks contained two tier or ranges of apartments, were conſequently 
heavier and drew more water, but it does not appear that they uſed more 
trackers to them than 18 or 20: whence it follows, that theſe rivers have, 


fortunately for the Chineſe, bur moderate falls. It has, indecd, appeared to 
the Embaſſy, that the river Kan-kiang has an average fall of 20 feet per 
mile, which is very far beyond what it can poſſibly have, according to the | 

circumſtances of its navigation. With thoſe not actually experienced in 


improving the navigation of rivers, ſuch an opinion was not unlikely to \ 


take place, and no way leſſons the general merit of the information on this 


ſubject, which appears to be collected with attention, and is diffuſely ſeat⸗ | 


tered through various parts "of the work, to which the reader muſt be re- 
ferred, as I ſhall only extract ſuch parts as are immediately neceſſary for 


\ 


my purpoſe. I ſhall, however, previouſly make ſome further obſervations / 


on the fall of navigable rivers, as it involves the circumſtances aſcent and 


| deſcent, and is therefore PETEcHy conſonant with the Purpoſe of this Trea- 
tiſe. 


»The Yang-tſe-kiang {called by abbreviation the Kiang) . the lake Poyang to 8 


ſea, a diſtance of 300 miles, is ſuppoſed by Sir George Staunton to have 1000 feet fall. 


This river, where entered, and left by the Canal, was about two miles wide, with a current 


not exceeding two miles an hour in the ſtrongeſt part; and much deeper than (the Yellow / 


River, which was not more than) 9 or 10 feet deep in the middle of its ſtream. | 


In » 


n 


In Major Rennell's intereſting account of the river Ganges and Barrom- 


% 


pooter, he informs us, that © a ſection of the ground, in length 60. miles 


ce parallel to one of the branches of the Ganges, was taken by. order of 
« Mr. Haſtings, and found to have about g inches deſcent per mile in a 
bo ſtraight line; but, the windings of the rivers were ſo great, as to reduce 
ce it to leſs than 4 inches per. mile.” This appears to have been in the 
dry months, and where the mean width of the Ganges was 2 of a mile, its 
mean depth between 15 and 20 feet, and its velocity ſomewhat leſs than 3 
miles an hour. This noble river is navigable for an extent of 1 350 miles, 
with veſſels from the ſize of a wherry up to 180 tons; but thoſe of 30 to 
50 tons are accounted the moſt eligible, and are tracked againſt the ſtream 
ſo as to advance along the ſhore about a mile and an half per ROW 


The river Amazon, which, with its | ki affords by far the 3 
extenſive interior navigation in the world, has, according to the barome- 
tric obſervations of Monſ. de la Condamine, ſtill leſs deſcent below where 


its current is undiſturbed by rapids; and runs with as great, if not a greater . 


velocity than the Ganges, the eee zn many places being upwards of $5 


miles an hour. 3 ö 


Although theſe velocities are beyond the medium of what the yatches and 
barges of the Embaſſy could be tracked * with their number of men; and 
they alſo muſt, from their being in ſhallow rivers, have kept generally in 


the full ſtream, which is not the caſe in large rivers; yet, I do not mean 
eo infer, that the Kan-kiang-ho had no more fall than the Ganges or Ama- 


20n. 


» The author has obſerved a boat of light conſtruction wick only 14 tons lading, of 8 
feet width of floor, about 10 feet width of water line, and 50 feet extreme length, draw- 
ing 2 feet 3 inches water, and ſharp at the ends, dragged againſt a ſtream whoſe yelocity 
was 5 1 Engliſh miles an hour; and, although there were 28 trackers, beſides three men in 
the boat poling it on, it only advanced at the rate of 4 of a mile an hour. The chanpel 
was not materially contracted in either width or depth of water way, in proportion to the 
ſection of the boat, which would of courſe have added to the reſiſtance, 
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The fin of. fer- upon the fame length of channel, and nts ſimilar 
velocity of current, will, I conceive, depend on the ſinuoſity of their 


courſe; the whiformity of their ſections, the want of depth, and the retar- 
dation or friction the water meets with from the nature of the channel. 
| The number of bends in ſimilar inſtances in ahy given diſtance, Major 
RNennell very juſtly obſerves, © depends on the magnitude or width of the 
ie \{tream.” One of half the width is capable of taking twice the number 
of meanders : Theſe, by the perpetual reflection of the courſe of the river, 
_ deſtroy much of its original impetus ; and, conſequently, through an equal - 


length of channel it requires a greater declivity than a ſtraight river to 


continue the fame velocity. Diverſity of ſection alſo operates the fame 


way ; as wherever it increaſes, the water neceſſarily diminiſhes its velocity 
nearly in a ſimilar ratio, and has to re-acquire it where again contrafted ; 
which, conſequently, requires a further fall ſufficient to * the dif 


* 


n e Had n ente T have thindoned; tre che want: of depth and 
nature of the bottom. Want of depth, with even a ſmooth bottom, oc- 


caſions conſiderable friction to the ſheet of water immediately ſuperindu- - 
| cing it, which communicates a portion of it to the next, and ſo forward, 
as to retard the whole ſenſibly to a confiderable extent“; as may be ſeen 


in the borders of all rivers, which conſequently proves, that want of width 
Rkewiſe retards the current. That want of depth does fo, is clearly ſhown. 
by the water of the inundations over the Deka of the Ganges (over which 
the boats navigate againſt the ſtream) ſcarcely exceeding half a mile an 
hour, whilſt the mean motion of the Ganges at that period, * 


its e is from 5 to 6 miles an hour. 


The . of progreſſive retardation of the maſs of water by 
Dran 8 of channel, is further proved by the different ſtrata of the 


* This extent will be greater in ſhallow rivers, than in deep ones ; as the maſs of water 
above is equally operative in preventing that retardation by its friction, and were it not ſo, 
a larger portion of the light matters would be found in the ſubſtrata of iſlands or bordering 
grounds, formed by the depoſit of rivers, | 


iſlands 
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5 ilands of the Ganges (and in all other rivers where iſlands are im by 
. depoſits) being progreſſively of particles leſs denſe as they approach the 
ſummit. Although lighter and heavier matters are afloat or commixed in | 
the water on the firſt commencement of its depoſites, yet only the moſt denſe . 


can ſubſide, the force. of the ſtream being ſuperior to the reſiſtance of the 


others; but, as that force declines, lighter and lighter matters are capable 
of reſting until it finiſhes with vegetable ſoil or the lighteſt particles, which, 
28 ahſerred by Major Rennell, will hold their place ncareſt the ſurface of 


F& © 


the water. Tae FTA oh | 3 


In ſhallow water, the nature of the bottom operates very importantly : 
For inſtance, where rocks are ſtanding in the ſtream, but ſufficiently wide 
aſunder to leaye a navigable paſſage, they ſo far return back the current 


- of the water, that I have known, in depths of. 4 or 5 feet, a velocity of 
not more than 5 miles an hour, with a fall exceeding the rate of 20 feet 


per mile; but this was only in falls of about 2 feet to 2 feet 6 in one con- 


tinued extent, and with deep and wide pools between, under which predi- 


cament boats may, with great force of trackers, (far beyond what the 


Embaſſy had) navigate againſt an average fall of 10 feet per mile. 


Another cauſe of retardation of current is weeds, which in the latter part 
of the ſummer, when the water would otherwiſe be low, give in many 
rivers with a fall of 2 to 3 feet in a mile, a depth of about 2 feet 6 with a 
general velocity of leſs than a mile an hour. From what has been ſaid, it 


appears that, in rivers of long courſe, the original impetus. is of inferior 
moment; and that it is of little conſequence at a diſtance from the point 


of outlet, whether the navigable part of à river commences from a lake, 
or immediately below a rapid torrent, as its effect would be nearly loſt in 


the firſt expanded ſection of the river, and, admitting a uniformity of chan- 
nel, it would progreſſively be reduced in ſome ratio, inverſely, to what 
a head of water ſufficient to generate a velocity equal to the firſt i impetus, 


would bear to any ſubſequent deſcent of the river combined with that head, 


| which would ſoon render the effect of that 1 fene inſignificant. 
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23 . I ſhall now reſume the information to be derived from the travels of the 
5 | Embaſſador and wy ann, in their route from Pekin. 


The Embaſly ae on the river Pei. 5 at Ng 00. oe ; 


12 miles from Pekin, in covered barges of about 70 feet length, and 15 
feet width, and only about 10 inches draught of water, with their paſſen - 
gers, and ſuch portion of their baggage as they took on board. The river 

: ; Vas then become ſo low as to cauſe the boat to be dragged with difficulty 


the tide-way, and in 30 miles further, arrived at Tien- ſing (about 60 miles 

from the fea, or gulf of Pe-chee-lee) at the confluence of 3 rivers, up 

"NS one of which, the Yun-leang-ho, or Eu- ho, running from the ſouth, they 

_ proceeded in the beginning at the rate of about a mile an hour, againſt a 

\ . ſtrong current by the force of 18 or 20 trackers: as the river. was confined 

within narrow bounds between two artificial banks, for the apparent purpoſe 

of given depth. Above it was wider, deeper, and more gentle. Up this 

river they proceeded nearly 2+ degrees of latitude to the city of Lin- ſin- 

choo, where they entered the Imperial Canal which is carried in a line 

almoſt directly South, and nearly parallel to the general line of the ſea- 

coaſt. This enterprize, the greateſt and moſt ancient of its kind, which 

'« was found to extend from Lin- ſin- hoo to Han-choo-foo, in an irre- 

. c gular line of about 500 miles, not only through heights and other val 

e leys, but acroſs rivers and lakes.“ It is ſaid by Sir George Staunton, to 

be * often winding in its courſe, of unequal and ſometimes conſiderable 

d width, and-its waters ſeldom ſtagnant.” On its junction with the Eu-ho, 

the Canal was cut through ground of the height of 30 feet, to permit its 

2 water to flow with a gentle current into the Eu-ho. The current of the 

water was moſtly flow; and to prevent its running off too rapidly, its de- 

ſcent is occaſionally checked by flood-gates, which were ſeldom ſo near as 

within a mile of each other. Theſe flood-gates conſiſt of two abutments 

of ſtone, one projecting © from each bank, leaving a ſpace in the middle 

ho Juſt wide ö to admit a n for Gr largeſt veſſels employed 

2 | The width, — to the Plate, appears to be a little more than 21 feet. Accord- 
Ing to . leſs than zo feet.] 
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over ſeveral of the ſhoals. After 60 miles of navigation, they arrived at 


— 
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er upon the Canal.” Few parts of the Canal are emden level; and they 
have overflows or paſſages through the banks to prevent the water riſing 
beyond a given extent; and alſo to prevent unneceſſary waſte of it through 
the flood - gates, the paſſages are occaſionally, cloſed by planks let down 

tranſverſly and ſeparately one above another, their ends reſting in a vertical 
groove in each abutment. Some ſkill is requiſite to be exerted, in order 
& to direct the barges through them without accident. For this purpoſe; 
« an immenſe oar projects from the bow of the veſſel, by which one of the 
« crew conducts her with the greateſt nicety. Men are alſo ſtationed on 
ce each pier with fenders made of ſkins ſtuffed with hair, to prevent the 
« effect of the veſſels ſtriking immediately againſt the ſtone, in their quick 
ce paſſage through the gates, which are only open at certain ſtated hours, 
« when all the veſſels collected near them in the interval paſs through on 
« paying a ſmall toll. The loſs of water occaſioned by the opening of 
« the flood-gates is not very conſiderable, the fall at each ſeldom being 
« many inches, which is ſoon ſupplied by ſtreams conducted into the 
« Canal from the adjacent country on both ſides. The fall is, however, 
ce ſometimes above a foot or two, when the diſtance between the flood 
« gates is conſiderable, or the current rapid. The Canal was traced often 
te in the beds of ancient rivers, which it reſembled in the irregularity of 
cc its depth, the ſinuoſity of its courſe, and the breadth of its ſurface, when 
©« not narrowed by a flood-gate. Wherever the circumſtances of the ad- 
« jacent country admitted the water in-the Canal to be maintained in a 
« proper quantity, without any material deficiency or exceſs, by means of 
«© fluices managed in its ſides, for the purpoſe of influx or diſcharge, as 
cc was the caſe farther to the Southward, few flood-gates were neceſſary 
« to be conſtructed, nor were there any where met with more than half a 


« dozen in a day.” 


— 


On the higheſt part of the Canal, which by the map is about one-fifth 
of its entire length in proceeding from the North, © the river Luen, the 
« largeſt by which the Canal is fed, falls into it with a rapid ſtream, in a 
« line which is perpendicular to the courſe of the Canal. A ſtrong bul- 


« wark of ſtone-ſupports the oppoſite weltern bank; ; and the waters of the 
« Luecn 


— 
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© from the main trunk of the Canal, on which, as well as on the diſtant | 


« Luen riking with 1 OS it, pars of them follow, the concern, and 
part the ſouthern courſe of the Cansl,” 


, In eating from the ſummit to the South, the Canal, or artificial 
river, paſſed by the verge of the Lake, and was there ſupported on high 

embankments, to enable it to paſs over ſome riſing land farther South, 
through which it runs at leaſt 20 feet below the ſurface of the "adjacent 


> The Canal afterwards paſſed collateral to the Lake of Wee- 


aung-hoo, which © reminded the Embaſſador of the great Canal of 
« Ruſſia, with which he was well acquainted. This ran in like manner, 
ce at certain diſtances parallel to the Lake Ladoga, from which it was ſe- 
« parated by vaſt earthen embankments.” From this circumſtance, it is 
poſſible, that Peter the Great (although his genius was equal to the ſuggeſ- 
tion of any thing uſeful to his country), may have. borrowed the idea from 
China, as previous. to. the formation of the Canal of Eadogy, he had a 


ditect acquaintance with the Chineſe Empire, by an Embaſly * in the com- 


mencement of his reign, in the year 1693, whilſt his brother John — 
The throne conjointly with him. . | | 


LY 


At a further diſtance, < he Canal widened, flowing to the ſouthward i in \ 
ce a current of upwads of 2 miles an hour. Several branches went off 


« Lakes ſeveral barges were ſeen failing, During the next ſtage, the 
« Canal was conducted again through low grounds ſubject to FRO 
c with Ns and Moraſſcs ard 


\ 


* The Embaſfador, Everard Ibrand, was neceſſitated. to go through the ceremanious 
proſtrations of the Chineſe, which the prudence and firmneſs of the Bratiſh Embaſſador, aided 
by the good ſenſe of the Chineſe Emperor enabled him to avoid. In another Embaſſy from 
the Czar Peter to the Court of Pekin, in the year 1719, his Embaſſador Leoff Vaſſilovich 
Iſmayloff, was under the ſame diſagreeable conſtraint as his predeceſſor. According to 
Father Du-Halde, a former Embaſſy from Moſcovy in the year 1631, was not favourably 
received, becauſe the Embaſſador would not ſubmit to the Chineſe ceremonies. - Theſe ob- 
ſervations are quite irrelevant to the ſubje& of this Treatiſe, and are only inſerted on the 
preſumption that, to many readers they may be acceptable at this time, when the circum- 


Kances of the Britiſh Embaſſy have attracted the public attention, 
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5 „„ 
It FAG Speke the Yellow River into which it al by 2 gentle 


current. The Canal is here about three quarters of a mile in width, and 


forms an excellent harbour for the veſſels navigating it. The Tellow River 
has here run through a courſe of 2200 miles, and is not more than 50 miles 
from the ſea: Its width little exceeds a mile, and its depth in the middle 
of the ſtream is not more than 9 or to feet, and its velocity is about 7 
* or 8 miles an hour, which it appears to continue downwards, conſe- 


there is a conſiderable fall to the ſea, which enabled a deſcending. 


branch to ſtrike off ſouthwards to the river Kiang. On the ſouthern 
« ſide of the Yellow River, the yatches began to proceed more quickly ; 
* the current of the Canal as it quitted thar river being more rapid; in 
«* conſequence of which, the number of flood- gates were increaſed upon 
« this part of it; farther on, it was carried by the margin of the Lake 
«* Payo-yng, whoſe ſurface was much lower than that of the Canal, which 


was ſeparated from the Lake by a ſtrong embankment. nnn Lake 


1 there was again ſwamps and moraſſes. 


&« In the midſt of the low 8 of * part of che route, a town of 
« the third order * was ſituated; the tops of its walls being little more 


« than level with the ſurface of the Canal, which formed an aqueduct raiſed 


« 20 feet, was 200 feet in width, and ran at the rate of three miles an 
« hour. This Canal, on proceeding ſomewhat further, ceaſed to have a 
ce current; and the ground riſing to the ſouthward, it was found neceſ- 


« ſary, in order to give level, to cut down about 20 feet deep for a track 
« of 7 or 8 miles, to a large city where not Jeſs than a thouſand veſſels of 


+: different ſizes were lying at anchor.“ 


« In OW days after the 1 had croſſed the Yellow River, they came 
eto that of Tang - tſe-kiang, which is conlidered to equal, if not exceed 


7 The cities of the third order terminate their names with hien; the ſecond order with 
#choo ; and the firſt with foo, which three deſcriptions are ſurrounded with walls., Many of 
© the cities appear to have increaſed within this century, as ſeveral of them which Du-Halde 


ans Es with :cho0, have now the additional termination of foo, 
« the 
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| tte the ze of the former. I was at this place about two miles wide. The 
ce current where the yatches of the Embaſly paſſed, did not exceed in the 
e ſtrongeſt part of it two miles an hour; but it was much deeper than the 

N * Yellow — 5 rs | | 


„ The ground to the Cd of the Yang-tie-kiang dell roſe to 
« ſuch a height, that it was found neceſſary to cut down the earth in ſome 

te parts to the depth of near 80 r in order to find a level for the paſſage | 
« of we Canal.“ 


High ſtone arches, ſome of them elliptic, the longer axis vertical, and 

high enough to take junks under ſail, are erected over the Canal, and are 
8 aaaſcended and deſcended by ſteps. They have alſo bridges over the piers of 
| their flood-gates, which, to prevent interruption -to the maſts of veſſels, 
are conſtructed ſo as to be eaſily withdrawn when veſſels are about to pals. 
They are flat wooden bridges, narrow and. light, each reſting on rollers 
fixed in its frame, and running on a couple of looſe ſpars that are * 


after the bridge. | 
3 The Canal, in its courſe through the city of Sou-choo-foo, divided into 
various branches through the ſtreets as in Venice. Some idea of the im- 

portance of the commerce of this city may be entertained, from the er. 


cumſtance of 16 veſſels of 200 tons each, being on the ſocks 1 in one ſhip- 
- builder's yo 


Near this city, © the great Canal was without a current, and ſo wide, 
e that a ſtone bridge of no leſs than go arches was in one place thrown 
e over it: the Canal continued to be of a width between 60 and 100 yards, 
« and 1ts banks generally faced with ſtone for about 9. miles 1n length, 
between Sou-choo-foo and Han- choo- ſoo. , 
* « A lirge irregular baſon at Harhaoifoo terminates the Imperial 
7 Canal. It is increaſed by waters from a lake lying to the weſtward of 

| * the city; the latter furniſhes alſo a copious ſtream running in a channel 
cc round 


* 


f 


* 
« 1 the city walls, and ſmall Canals paſs through was ſtreets.” 


This baſon diſcharges into the river Chen-tang-chiang, which falls into 


ccc the ſea at little more than 60 miles to the eaſtward :- the tide when full 


_ © increaſes the width of the river to about 4 miles oppoſite the city, but 
ce at low water, g on that ſide a level ſtrand of W 2 mien width.“ 


From the preceding . an es may be Gemal of 1. ee 
and diverſity of this great Canal, as to width and velocity of current, which- 
being variable; frequently in counteracting degrees, viz. often narrow in 
deep ſinking, where the water is nearly ſtagnant, and wide where the 


ſtream runs. with conſiderable velocity ; it follows, that to give depth i in by 


the rapid ſtreams, additional rivulets muſt he taken in, and diſcharged 
again in the commencement of the ſtagnant parts; which it appears is their 
mode of proceeding, as they have overflows to diſcharge their ſuperfluous. 


water, which is frequently applied to irrigation; and they 88 receive.. 


Ann influx where it is neceſſary, . 2 . wo 


There now 5 remains to be noticed their 1 Planes, which are. 
ee deſcribed in the route from Hang- choo- foo to Tchuſan, which 


was purſued by Colonel Benſon and Captain Mackintoſh, of the Hin- 
doſtan, after they had parted with Lord Macartney, and the remaining at- 


tendants of the Embaſſy, who followed the route already deſcribed to Can- 


The Tchuſan party croſſed the river and entered a ſmall Canal. Aſter 
they proceeded about three days, they arrived at the city of Loo- chung, 
where they changed their inland barges for junks of about 60 tons burthen 
each, neatly fitted up for paſſengers, but conſtructed for ſalt-water navi- 


| gation, and lying on a river into which the tide flowed beyond Loo- chung. 


breadth of the Thames between London and Woolwich. ese 
Before their arrival at Loo-chung, © it ſometimes 3 in the 
„ route to T einn that the water of a higher Canal paſſed immediately 
L. e into 
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„ | 
« into avother of 2 lower level; and in two inſtances the travelters were 
e launched in their barges with prodigious velocity down the ftream *. 


„„ The upper Canal is bounded by a ſtrong and welcompatted wall, the 


« top of which is level with the ſurface' of the upper water. A beam of 
« wood is laid on the upper edge of the wall, which is rounded off towards. 
ct the water. Beyond (or below) the wall, a ſloping plane of ſtone work 
„ extends to the lower Canal in the form of a glacis, with an inclination 
1 of about 45˙⁵ and deſcending near 10 feet in perpendicular depth; at the 
« bottom of which, the Canal is carried along as the level of the country 
et will allow, e e e eee 


' © It e foi an upper to s loves Canal, the veſſel W 


ctoſs-beam fhdes down by its own gravity, and to prevent the water 


E ſtern, which is thus conveyed into the upper Canal, with leſs delay than 


c from fluſhing . over the decks, or her plunging into the Canal below, a 
te railing is fixed at the head of the veſſel about to be launched, before 
« which is placed a ſtrong matting at the time of its deſcent. To draw 
4 up a large veſſel from the lower Canal along the glacis into the upper 
« Canal requires ſometimes the aſſiſtance of near a hundred men; whoſe 


« ſtrength is applied by means of bars fixed in one or more capſtans, 


«- placed on the abutments on each fide of the glacis. Round the capſtans 
i a rope, of which the oppoſite extremity is paſſed round the veſſel's + 


« can be done by locks, but by the exertion of much more human force ; 
ﬆ a force, indeed, which in China is always ready, of little _ and con- 
| W | 


* Tt appears, from this defeription, that water was running down the Inclined Planes; 
ant if ſo, it is accordant with ſome of the deſcriptions of the Jeſuit miſfionaries. This, 
however, e PT OY e AT by the fluctuation of the ſurface of the 


The - 


4%) RE 
T This deſcription of the Chineſe inclined. planes, appears to be comet 

in the outline, but cannot be taken literally, as 45* dedlivity is far tao 

ſeep, unleſs the fall be ſo little as to bear a ſmall proportion to the 

length of the boat; and then the ſteep inclination of the plane wayld he 

La RATE, a=:the bat nog er touch. au nn off with its 15 


In ek hg the gefeription is ths corrected, as the contin 8 
24 from the horizon, viz. one foot fall for every four feet baſe, which is 
alſo too ſteep, unleſs the boats that paſs thoſe planes be much ſhorter than | 
the general run of their boats; which is the more probable, as otherwiſe, { 
they would ſtrain and break in two with any lading, on turning over the 55 
Croſs- timber at the head of the plane. Theſe boats, according to the plate 
of the inclined plane are of about 3 feet height, and 56 feet tread on the 
ground, with ſharp overhanging ends, projecting g or 10 feet, and fiſing 
with a bend equal to the deſcent of the plane, therefore tending at one end 
to raiſe the veſſel in its deſcent, and at the other to produce the ſame £ 
effect, in a ſmall degree, by the weight of the boat's end behind the tread FR 
of her heel. I ſhall aſſume the boat to be fo far laden as to have as much 
buoyancy above as below water, and the effect of the projecting ends to 
be under that predicament, equivalent to a ſhortening of it to 8 ſeet leſs 
than its tread on the ground, viz. to make it equal to a boat of ſimilar 
ſection from end to end of only 48 feet, in place of 7.5 feet extreme length. 
From theſe premiſes, and admitting the tranſverſe ſection to be ſquare, 
which will not materially, alter the caſe, (as their ſection, excluſive of; the 
ends, is uniform), we may deduce what the floating power of ſuch a boat = 7 
would be. Hh 


— _ 
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Under. this predicament, it is obvious, that a. Ham line PEAS "6 6 
ſummit of one end of the boat to the lower extremity of the other end, „ 
would divide its bulk into equal parts, one of which immerſed in water, „ 

would be juſt equal to its whale weight; therefore, as under the given , 
angle of inclination and weight of boat, the water would onhy flaw ,z eſs DF Fa 
L. 4a | <" ER 
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along the boat's bottom, or + of its length; it follows, that at the inſtant 
of immerſing one end under water, it would only have + of. its: weight. 
water-borne. The centre of gravity of this tendency to life the boat would 
be at 4 feet inwards from its lower extremity, viz. at I of the diſtance 
from the boat's heel; which latter would be its turning point. It is evi- 
dent, that a power equal to half the weight of the 'boat and cargo, ap- 
plicd at its tower extremity, would enable the boat to riſe, as the other 
extremity would bear half the weight * ;- but, in the prefent inftance, there 
is only half the neceſſary power acting at I of the requiſite arm of lever, 
conſequently, only equal to 44 of the requiſite force ; therefore, with the 
aid of matts towards the head of the boat till unequal to the end f. 1 

however, we combine the deſcription: of the fall, viz. “ near 10 feet in 
te perpendicular depth with the length of plane, in the plans accompany- 
ing the work (which the eye might judge of, comparatively with the 
length of boat) we ſhall have a declivity of about 4-or nearly 9 > 
from the horizontal line, which will pretty well accord with the circum- 


ſtances. 


I have entered into this diſcuſſion principally to ſhew the points to be 
attended to, in the facility of boats floating from off inclined planes, and. 
the neceſſity either of their being of a gentle declivity on their junction 
with the water, or that the axis of the hinder wheels be placed not far 990 | 
hind "we! centre of 2 of the bär 


I can eaſily conceive, that the travellers might be miſtaken in the declivity - 
of the plane, if they judged by the eye, as angles of aſcent and deſcent are- 


„Nearly ſo, the turning point being only thrown backward the tangent of the L of in- 
clination upon 1-third of the boat's height. To make the other deductions perfeRly-true, . 
the centre of gravity of the boat and cargo muſt lie at 1-third of its height; and if higher, 
as it generally muſt be, it will operate more againſt the pawer of the boats' og, 


- + Unleſs there were at the bottom of the glacis an apron or - a olſen at "KY a. 
depth 'as not to admit the boats to fink, 'which does not appear to be the caſe, nor could. 
* “ cdhradra ads ; 


very 
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3 in their appearance. That the boats are ad than on re- 
flection we ſhould conceive them to be, appears corroborated by a tra- 
veller of the laſt. century, Father le Comte , who obſerves; that 
ſome places where the diſpoſition of the ground does not permit = 
forming of a communication between two Canals, they ſtill contrive to 
* paſs veſlels from ong to the other, notwithſtanding they may have more 
* than 15 feet height to ſurmount. At the extremity of the upper Canal, 
they conſtruct a double glacis, or inclined plane, of hewn-ſtone.. When 
« a veſſel arrives at the extremity of the lower Canal, it is raiſed. by the 
help of capſtans to the ſummit of the firſt glacis, from whence its own 
weight makes its ſlide on the ſecond into the upper cn and IN de- 
« ſcend to the lower by e the een | 


This author could ſcarcely: comprehend 8 the Chineſe barges, which: | 
are commonly very long and very heavy laden, did not break in the mid- 
dle when ſuſpended: in the air on the angle between the double glacis ;: 
nevertheleſs, he did not learn, that the leaſt accident ever happened. 
« Theſe inclined planes (he ſays), are not to be found in the grand Canal, 
te becauſe the Imperial barks could neither be raiſed by manual force, nor 
te ſecured from the misfortune to which the others have the * 2 
tc. being liable. * ö 

In inclined planes of ſmall fall, Geek: as are uſed: in > China: and for 5 
of conſiderable length and magnitude, the ſide-way motion f might be 
made to anſwer; It would. alſo do for longer inclined planes (particularly 
if very ſteep) by the aid of counterbalancing weights down ſeveral pits, 
and a caiſſon for the boat and its ſurrounding water to deſcend on many 
wheels, or rollers, into a dock ſuch as deſcribed in ſeveral inſtances in the 
firſt Chapter. The.counterbalancing weights may be cylindric tubs, fitting 
the pits and laden with water; the two end ones ſo regulated, as to move. 


*. Vide Belidor's Architecture Hydraulique, Tom. IV. P. 355+: y 
+: Ships . where dere i. vast of room 20 39 end fre- 
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g ti WY to each other, and keep the caiſſon during its n in 
the ſame parallel poſition *. The pits ſnhould at leaſt be down to the level 
of the * from the dock « or lower nen 1 _ caiffon. 1 8 


The . of water _ of the veſſels in the pits, wks fimilar vertical 
deſcent with the inclined plane, will theoretically be no more than that of 
tze caiſſon and its contents, be the angle of declivity what it may; and 

their different ſpaces paſſed through would be caſily provided for, by the 
difference of diameters of the wheels, on the axis communicating the 
counterpoiſing powers; but in gentle declivities particularly, friction and 
reſiſtance from irregularities of the ſurface acting on the wheels. or rollers 
ſuſtaining the caiſſon, will be very conſiderable, and occaſion a loſs of 
water far beyond that of the plans of Mr. Weldon or Mr. Rowland; but 

ol little conſequence compared to Locks. Another circumſtance alſo mi- 
litates againſt this plan in moderate declivities, which is, the difficulty. of 
keeping a large caiſſon water: tight, becauſe of the greater effect from 
caſual checks under the neceſſarily increaſed velocity. From both the 
above cauſes, I conceive the plan ſuggeſted, will ſeldom be — but in 
decke and e e ee | 


It is an argument againſt the inventive powers of the Chineſe, thas dey 
Js not hitherto conſtructed Locks, as a great part of invention lies in the 
conception of the poſſibility of the event; and the Chineſe have been in- 
formed, for upwards of a century, of its abſolute poſſibility; as the Jeſuit 

Miſſionaries. ſent to China by Lewis the XIVth, in 1685, acquainted them 

with the principles of a Lock, with which they appeared aſtoniſhed, The 
Fathers alſo thought that any one who would carry to China the model of 
a Lock would be well received; and cauſe as neee the firſt 


NT that the Miſſionaners' n to the „ 


* Chains muſt of courle be made uſe of in ns: the water veſſels 
and retain the caiſſon. A prejudice, no doubt, exiſts againſt chains, on account of the un- 
certainty of their ſtrength ; bat this may eaſily be remedied, by ſabmitting every link to a 
Areſs'far Tuperior to what they are propoſed to bear, which may be done before the chain i is 
3 as for this purpoſe, 6606 * 


The 


„ e 


quent to the attempts of the Egyptians, under the fucceſſors of Alexan- 
der; who, according to Monſ Huit, Biſhop. of Avranches, had the art 
of conſtructing ſtuiees, or Locks of one ſet of gates, ſo as to ſtop the im- 
Petuoſity of the current, and be occaſionally opened. Though termed 
gates, the openings were moſt probably cloſed. with beams of timber, let 
down in grooves; as gates of large width and depth could not be opened 
without difficulty, even againſt a ſmall difference of level. There are, 


however, ſuch ſluices with gates upon ſeveral of the running Canals on the 


verge of the Shannon. 


They were erected about the middle of this 


century, and are of difficult uſe, becauſe of the force requiſite to open 


them. 


| Theſe running Canals are on the Chineſe principle, and nothing more 


than new Channels for a portion of the river; which, when it is low, are 
— N in China, nme 


Doring the flooded ſtate of, rivers, all. ſmall falls are equalized, as 50 


neceſſarily riſe higher below than above a rapid; therefore, I am far from 


faying, that running Canals with a ſmall fall are not, in many inſtances, 
eligible on the ſhores of great rivers; and that well-deviſed ſtops. eafily 


opened and cloſes, (not ſuch as lift up like thoſe deſcribed in China, nor 


open againſt the ſtream as uy are not I cont to incurring 
the charge of Locks. 


"I a wr fimilar 3 GE HT 2 ack are cligible, their piers 70 
gates alone will be ſufficient without any other floor or ſide walls, than a 
concave and battered pavement, continued hong the hoes up the 


hes of the ſpace between the piers. 


The eligibility and the particular conftruftion of theſe works, — 
depend on the nature and extent of the beds of the rivers, the difference 


between their low and flooded ſtates, the height and alſo the e of 


their ſhores, and the quantity of floating 1 ice. 


The Chineſe- method of avercoming ae 1 long be- ; 
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| Theſe Gingle Pairs of piers of the "Chineſe, are properly called 71 De la 
Lande, half Locks. The caſual poſition of two pair of piers near to each 
other, has, no doubt, occaſioned the invention of Locks; as it would ſoon 
be ſeen, that when the gates or ſtop beams of the Tower piers were cloſed, 
and of 'ſufficient height that the water would be nearly ſtill between the 
upper pair of piers, and afford an eaſy paſſage. On this principle, in place 
of ſingle pairs of piers, two pair would be erected, ſufficiently near to each 
other for the purpoſe, and capacious enough to hold a fleet of boats. It 
would ſoon afterwards be found, that in dry ſeaſons the waſte of water was 
greater than could be conveniently afforded, and the operation tedious for 
ſingle boats: thus would progreſſively ariſe the invention of Locks wich 
walled chambers, and ſluices or walls. T 


There are at this day exiſting on rivers, Locks of the firſt conftrudtion ; 
compoſed ſimply of two Pair of piers, without any connection of walls or 
| e ee N between them. | | 
The following account of the Andes and Seſeription: of the Chineſe 
Canals, is principally extracted from Monſ. De la Lande's Treatiſe, « Des 
Canaux de Navigation; and from Du Halde's Hiſtory of China, in which 
authors will be found a more full and nnn account than the ane of 
1 eſſay Wr me to give. | . 


The commencement * the Chineſe Canals was ſomewhat leſs than two 
centuries before the Chriſtian æra, VIZ. ſoon after the coming in of the 
dynaſty of Han, which took place 202 years before Chriſt. Previous to 
this, grain and other neceſſaries were carried on men's ſhoulders, where 
they had not the convenience of Rivers or Lakes. The Emperor being 
ſhocked at this laviſh occupation of his ſubjects, employed many ovens of 
men (each ozan being 10,000), to dig Canals for the conveyance of rice 
and grain from the provinces. to the capital, which was then in the pro- 
vince of Chen- ſi: and, before the middle of the ſecond century preceding 

the Chriſtian ra, all the great rivers communicated with ench other 11 
7 Canals, and were navigable almaſt every where. yl WE» 


Between 


( 89 ) 5 5 
Between that period, and the commencement of the dynaſty of TVuen, or 
the Monguls, which began in 1260, the capital of the empire was ſucceſ- 
ſively changed into different provinces, which occaſioned new combina- 


tions of Canals, for conducting to each new capital the immenſe number 
of veſſels laden with grain that it * ien 


"Fangii of 55 . of Tſin, 5 pinoy the 1 in th year . 
 bos, and reigned 13 years, commenced the firſt: year of his reign with 
making new Canals, and enlarging the old ones, that veſſels might paſs, 
from the Yellow River to the Kiang river, and into the river Ouei (Eu- 
ho of Sir George Staunton) and various other rivers. A plan was given 

to him for making all the rivers navigable throughout their extent, and to 
make them communicate one with another by Canals of a new invention. 
This project was executed, and 8 to it, 1600 e of Canals were. 
made or repaired. | 


ey 


*% 


At this period, moſt probably, their plan of flood-gates was adopted; 
as the new invention could only be in this, or in regulating the water by in- 
flux of new ſtreams. and diſcharge of ſuperfluous quantities, or in lining the 
banks with ſtone where the ſtreams were rapid, the remainder being . 
excavation or embankment. 


As the year 1289, the Emperor Chi-t-fou, the firſt of the dynaſty of 
Yuen, or according to others, the fifth ſucceſſor of Ghengis-kan, having 
conquered all China, and being already maſter of Weſtern Tartary, re- 
moved the ſeat of empire to Pekin, to be more central to his vaſt domi- 
nions. But the neighbouring provinces not being able to furniſh ſubliſtance - 
to his court and his numerous army, he cauſed to be made, or rather to be 
perfected and altered, the famous Canal of Yu-ho * or Yun-lyang-ho, (im- 
plying the river for conveyance of proviſions), which runs PAO, the: 
empire from North to South. 


* 


« 


—_ 


From Sir G. Stanton giving theſe names to the river Ouzi, between Lin-tfin-choo 
and Tien-fing, it appears, that the improvement in the channel of the Ouei, between Tien- | 
fg and Lin-tfin-choo, have cauſed it to be deemed part of the Vu-leang-ho. 2 i 


| M They 


to) 


. "10 well-connedted pln; but matte feveriT which wh. 
tempts fult of faults. They went upon improper lines, and had not ſuffi. 


ciently attended to the effects of dry ſeaſons and en which 3 
however, R correctec. 


"a 8 depth of water was e in the great Canal to be g feet; 
and its frequent turns are many of them intended to prevent (in aid of the 
flood-gates) the too rapid running off of the water. They have fre- 
quently a difficulty in keeping up 5 or 6 feet water; and in ſome dry years, 
the Canal is reduced to 2 or 3 feet, which is not ſufficient for the Imperial 


barges. 


The portage from Nan · gan · foo, over the Wonen Meilin to Canton 
river, is ſo confiderable, that the road is, at all times, thronged almoſt a8 
much as the ſtreets of a great town. They are, however, enabled to avoid 
this portage. when the rivers are high; as they have, for that purpoſe, | 
joined a Weſtern branch of the Pe-kiang, (probably that ſtriking off from 
Fchao-choo-foo) with a river running through the province of Hou- quang 
into the Yang-tſe-kiang. This appears to be a different river from the 
Kay-kiapg-ho, and to he to the Weſtward of it. The navigation by this 
route, is ſaid to be circuitous than the other. | | 


The waters which colle& from the mountains in the North of the pro- 
vince of Quang-fi, form near the city of Hin-ngan-hien a ſmall river, 
whoſe courſe is ſtopped by a dam, fo as to ſend the water to the ſummit of 
the paſs by a channel for that purpoſe ; from whence, by a ſhort Canal, it 
Joins the two rivers. It is neither ſo convenient nor ſo well kept 1 up as the. ; 

grand Canal; and the water is often low, ſo that the veſſels are rather 

drawn on the. gravel than on the water. The fſtuices or contracted 
paſſages on this Canal for the purpoſe of ſtopping the water, are, for the 
moſt part, made of earth ſupported by ſtakes, the paſſage through which is 
cloſed with mats or other ſimilar things. | 


- 
The | 


* 
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WT induſtry. of the boatmen and inhabitants of the country andes all 


defects, and gives this rout ſufficient advantages to cauſe it to be frequented 
by many merchants ; as in the other rout, a Paſſage by land is indiſpenſa - 
ble, and cauſes much expence and trouble in tranſporting merchandize ; 
however, there ts no particular impediment in the circuitous route during 
the time of high water in the rivers. This circumſtance clears up the dif- 
ficulty of accounting for the paſſage of the immenſe raſts of timber pro- 
ceeding for the middle and Eaſtern provinces, which the Britiſh Embaſly 
met below Tchao-tchoo-foo; as, by this channel, there is an interior 
water-communication all rhe way from Canton; even to the Northern pro- 


vinces. 


In the journey of the Fathers Boures, Fontenay, Le Comte, &c. from 


the port of Ningpo (the Nim - po * lately mentioned), they relate, that 


* ſoon * came to a place where they hoiſt up the barks, in order to 
« convey them to a Canal which is 9 or 10 feet higher than the level of 
© the river. They hoiſt up the bark by means of a flope or declivity, 


< paved with large ſtones, and when they have got it to the top, they let 


< it ſlide down another into the Canal.” „ There are people who wait to 
< be hired for this purpoſe ; they are not above a e oft an "ou about 


- it, having the help of two capſtans. 


This inclined ns 1 is in the ſame diftri& deſcribed by the Tchu-ſan 
travellers (probably one of thoſe they deſcended), and differs in nothing 
but the time of paſſage, which will depend much on the force employed. 
If the aid of capſtans be uſed, in which both narrators agree, the paſſage 
cannot be ſo quick as by a well-regulated Lock. Their account of the 
Kiang and Yellow Rivers, and of the Canal in their route to Pekin, conſi- 
derably reſembles Sir G. Staunton's. Some of the ſluices or flood - gates 
upon the great Canals, are deſcribed as retaining the water in confined chan- 
* . maſonry. (apparently of ſome * —_ which it ruſhes with 


The different names 1 by different travellers, 90 account- 


ed for, when it is conſidered, that their * muſt be totally auricular, from the Chi- 


neſe not uſing the alphabet. 1 | 
| M 2 vaſt 


"no, ET GT 
vaſt impetuoſity, ſo as to require great power of capſtans and of men, to 
get the veſſels up; and that, in place of letting them run down at will, 


they ate carefully let through by ropes that are flacked "__ _-_ they are 
below the n of the ee 


" FED In the hep on Lakes, Canals, and Rivers, P. Du Halde obſerves, 

: that if China happily enjoys ſo great a plenty of every thing, it is in- 
7 « debted for it, not only to the goodneſs and depth of its ſoil, but to the 
« great number of Rivers, Lakes, and Canals, with which it is watered, 

„There is not a city, nor even a large town, eſpecially in the Southern 

cc provinces, Which is not ſituated upon the banks ofa River, Lake, or ſome 

« Canal; and there are few provinces where there 1s not a large Canal of 

* fine, clear, and deep water.” The principal Canals, L'Abbe Prevot in- 

forms us, © diſcharge themſelves on both ſides into a great number of 

cc Others, which communicate with moſt of the cities and towns; for the 

te convenience of travellers, and the tranſport of the products of the coun- 

« try, which are reciprocally communicated. Theſe little Canals are, 


te in the end, ſubdivided it into a number of brooks to fertilize the en, 
« plains. | G 


As 3 oppoſition * ariſes in this country to the execution of the 
moſt uſeful Canals, it may not be improper to repeat the well-known. 
fact, that « Canals in China are cut through any kind of private pro- 
e perty, gardens, plantations, or pleaſure- grounds; not even thoſe of the 
« Emperor, or any of his Governors excepted; but when the work ar- 
« rives at their gardens. or pleaſure- grounds, the Governor, or even the 
cx Emperor himſelf, digs the firſt fpade of earth, and pronounces with an 
tc audible voice, This is to let thoſe of inferior fituations know, that. 10 e f 

* pleaſure ſpall obſtruct the public good, F 


: It appears, that the river Kiang affords an extenſive navigation, and is, 
in many places of immenſe depth, and in others has rocky rapids of con- 
 fGderable extent, which they find dangerous and difficult. The ſame cir- 
0 . R cumſtance 


e 


„ > TT EBT, > 8 
cumſtance likewiſe takes place i in ſome other of their rivers, which, were 
they acquainted with Locks, they might remedy. The Yellow River 
' . "gives alſo an extenſive navigation, but it is difficult to ſtem its current. 
The Poyang Lake is faid to be a dangerous navigation, from ſudden high 
_ winds, and that many veſſels are loſt in it; which accounts for the Bri- 
tiſh Embaſly II ſent to Canton by a Gelen route. op 
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The Chineſe were much influenced to the conſtruction of that part of 

their navigation, which is parallel“ to the coaſt, by not being expert ſeas 

men, and their fear of ſhip-wreck and pirates. Cauſes totally different 8 

muſt, at ſome period, Produce a ſimilar effect in the Ruſſian Aſiatic do- i 
minions. The great rivers Oby, Jeniſea, and Lena, which rank among 
the greateſt in the world, all diſcharge into the Frozen Ocean, fo that a 

ſea navigation is totally precluded. Theſe rivers, however, ſo interlock. TERS”; 

- their great navigable branches, in a plain country, as to admit of being 
eaſily united; and by the two former alone being done ſo, a water con- 
veyance from the Eaſt ſide of the ridge of mountains dividing the pro- 
vinces of Caſan and Tobolſkoi, would be had to Strealka, near the Chi- 
neſe frontier, from which a conſiderable trade is carried on by caravans to 
Pekin, a diſtance of about 1000 geographic miles, an extent of land- car- 

riage apparently immenſe in this country where every thing is very dear — 

but there of comparatively ſmall moment., Nothing then would re- . 
main to be done, to afford water conveyance from the frontier of China, 
and from the immenſe provinces of Jeniſeiſkoĩ and Tobolſkoi to Pe- 
terſburg, but to effect ſome of the ſpecies of navigations which I. have 
deſcribed, through the vales of the narrow ridge of mountains between 
the river Tura, a Weſtern hranch of the Oby ; and the oppoſite Eaſtern 
branch of the Kama, from which river there is an extenſive commerce by 


water to Peterſburg, in the conveyance of ſalt, 1 Iron, &c. 


* 


- 


_ 


£34. "Is a 8 country, like China, that navigation is. ſufficiently diſtant from the a 
ſea, to authorize its conſtruction without thoſe Oe which, however, were a leading 5 | "op 
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In the travels of Mr. Tk Bell, from Peterſburg FTE various 


parts of Aſia, he informs us, that the river Ket, a nayigable branch of the 


Oby, above its junction with the Irtiſh, < takes its riſe in a Lake at a ſmall 


ec diſtance from the Jeniſea, (nearly oppoſite to Veniſeik the capital 'of 


the province), and were a Canal cut between them, which mighe 
« eaſily be done, there would be a paſſage by water to the frontiers of 
« China from Verchaturia,” a town on the Eaſt ſide of the ridge. of moun- 


i 


tains Weſt of the Kama, and ſituated on the Tura, which falls into the . 


Irtiſh. 


I have only ſtated a navigable communication to Strealka ; but from 
circumſtances, it appears probable, that the navigation might extend from 
two to three hundred miles further, through Chineſe Tartary towards Pekin, 
by purſuing the Selinga, Orchon, and Tola, The latter is a branch of 
the Orchon, which, as well as the Strealka, falls into thre Selinga, which 
diſemboguves into the Lake Baykal.—This Lake diſcharges its waters by 


the Angars, a branch of the 8 falling into che Jeniſea above 


8 
8 


Mr. Bell alſo obſerves, that from Elimſki, a town on the Etimm, a 
navigable branch of the Tonguſta, it is about two days journey to the 
Lena, from whence it is navigable both downwards and upwards for veſ⸗ N 


ſels of conſiderable burthen. The country between theſe places is, how- 
ever, though not mountainous, rather * 


The full effect of FI communication between the Eaſtern and Weſtern 
provinces, thoſe who are acquainted with the country, only can judge. 


Siberia is, itſelf, ſufficiently fertile to receive vaſt advantages from a com- 


munication between its rivers; and-no articles but thoſe of value, would 
ever traverſe the immenſe diſtance from one extreme to the other, parti- 


cularly as, from the ſhortneſs of the ſummers, the paſſage would rarely or 
ever be performed in one ſeaſon. It would extend through above 75 de- 


grees of longitude, or conſiderably more than one fiſth of the circuit of the 
| globe 1 in tha Parallel. 
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General Obſervations and | Conclufion. 


WHERE the propoſed length of Navigation is very conſiderable, it be- 
comes a great object that the cargoes ſhould be larger than the ſmall 
ſyſtem admits of, becauſe, many of thoſe cargoes concentered in one, will 
require leſs aid of men and horſes, conſequently be conveyed cheaper *, * 
and in general ſafer; alſo, the greater detention from lading and deliver- 
ing, larger veſſels diminiſhes as to its effect e with increaſe of 
diſtance. | 


The Lock Navigations admit of the largeſt veſſels, and next to them, 
the plans of Mr. Weldon and Mr. Rowland, and that ſuggeſted in a pre- 
ceding Chapter: which latter being leſs limited by phyſical cauſes, is ap- 
Plicable to greater heights with leſs proportionate increaſe of expence: 
and to a greater extent of fall than either of the others can be cligi- 
ble : after theſe, follows Mr. Reynold's invention of Locks at the 
head of Inclined Planes, which, combined with the eight-wheeled car- 
riages deſcribed, or with the frame and rollers paſſing under, and con- 
DAP. with it, as ſuggeſted by Mr. Fulton, will be applicable to decked 


* 8 as difference of expence of the two Canals enables à reduction of toll, 


equivalent to the increafed charge of conveyance, that advantage ceaſes, except as to 
light or valuable articles, which never can be ſo perfectly ſecured, as under a deck and 


hatehes. 


+ Theſe carriages are 0 to an Inclined Plane of greater declivity than at its head 
er foot; but if the dealivity be uniform, ſo as to ſuit a carriage with rollers, it will alſo 
be ſuitable to a carriage with any number of wheels on each fide ; taking care only, that 
the tread of the wheels form a right line, and that. there be means of adjuſting them, | 


| _ "0960? 3 


boats of 15 or 20 tons, or perhaps more. The next in rotation “, as to 


magnitude of cargo, is the inclined plane and carriage ſyſtem for ſmaller or 
ſhorter boats paſſing over the ridge at the end of the upper Canal, which 
is chiefly calculated for coals and minerals, and will, probably, admit of 
improvement, by making the deſcending and aſcending way continuous, 
like Mr. Fulton's ; and having a Lock at the head of the deſcending way, 
long enough to contain a ſeparate carriage for 3 or 4 boats, (or ſo many 
as form what has been called a conjoined boat). Thoſe: boats on deſcend- 

ing, would draw another gang light, or half load upwards, over the 

top of the ridge, no Lock being requiſite on that ſide. The chief ob- 
jections to this, lie in the vaſt weight of a gang of boats, which, in a 
ſteep angle of deſcent, would require a very heavy rope, and in the diffi- 
culty of returning the carriages to their proper place. The latter may be 
got over by keeping the two ways at a little diſtance, and joining them 
above and below by a ſimicircular railway for the carriages (coupled + 
to each other) to run along under-water, after they have parted with their 


; * 
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Both i in chi and the method laſt deſeribed, the water contained in the 
Lock may be drawn off i into a reſervoir, at the head of the inclined plane: 2 \ 
in this reſervoir, or a pond communicating with it, may be fixed a broad 
under- ſhot water-wheel between the two railways, to retard the motion 
of the deſcending boats, and to throw back the water. 


This wheel may run in a cloſe caſe, and be divided round its periphery 
by different ſhroud boards, forming ſo many wheels, ſo that one or more 
portions of its width may be employed at the ſame time, in throwing up 
water en to the Ware of che caſe, to be determined by the velo- 
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* In P I alſo include the methods of boats 3 lowering and hoiſting each other 


| up and down pits. 


+ In ſuch a way 50 fat the different bein that are 88 and yet admit 
of the neceſſary extenſion When the boats came over Sora concave part of the Inclined Plane, 
_— AE f am | 

city 
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4 ay or the deſcending boats, which, by means'of a centlifagat \reghulatos e, * 
| will open one of more of the penſtocks to let the water below the heel, or 
ſhut them all, as occaſion may require. The reſervoir under the wheel 
ſhould, of courſe, never be exhauſted ; but when drawn down to a certain 
extent, ſhould, by a floating weight, or any other method, let in Water 
from the head Canal. Theſe means will anſwer for a deſcending trade, 
| and, if the aſcending trade be more than the other can draw up, a water 
be . recourſe may be had toa ſteam engine: 


As boats on the agpregated plan may be 7 or 8 het wide, they will an- 
Fwer tolerably well for light goods, and, as one gang, or combination + of 
conjoined boats, may be conſtantly under the ſame charge, no objection 
can ariſe from change of reſponſibility, particularly, as theſe boats are 
not fo ſmall but they may ſafely navigate larger Canals, and without incon- 
venience, when the conjoined or * boats are ae ee in e : 
ag width to ſuit the | | 


Wheel- boats of 4 | ee width, may aer well in \ proper countries Ge 
lead, iron-ore, lates, limeſtone, &c.; and if found to ſtrain at 16 feet 
length, three of which I have propoſed to form one conjoined boat, car- | 
rying 9 tons; they may be reduced ſo, as to carry the ſame quantity in 
four, and be connected as one boat: they * e in 8 N 85 
anſwer in | | 


0 „ known, — of a vertical axis (having near the head of 

it a collar connected wich a lever) croſſed nally with two bars of iron, moving on 2 

pin, which paſſes at right angles through the vertical axis ; on the lower end of each'of thefs 
diagonal bars is an iron ball. Theſe balls flying off on their receiving ſufficient centri- | N 

, |, fugal tendeney to overcome their gravitating force, produce the defigned' operation, by ß „ 
— 77 f 1 
diagonal bars above their interſeRion, and joined both to the head of them and to the coill- ET 

lar. Theſe joints, and the upper part of the diagonal bars form the appearance of a lo- „ F „ 

zenge. This apparatus is frequently uſed to o regulate the n motion of Boulton and Watt's ; | , | N 
fleam-engine, andi is called a governor. h | * „ 


+ Via. two or e e boats, according to circumſtances, 15 | 


(* ) | 
12 additipn. to the methods mentioned; there is | another which * | 


more to great diverſity of magnitude of Canal, than to overcoming aſcent 
and deſcent.” This is the quick tranſition: of articles from one boat to 


another, by means of having the cargo in the greater boats, either put ori- 


ginally, or diſcharged into cafes ſuited to the form of the ſmaller ones: 


| conſequently, eaſily transferred to the latter, and as eaſily taken out from 


them. This has been elucidated in the fifth ne ſo far as it is , » 
cable to aſcent and deſcent. | | n 


In the Aiſcrfſion of every ſubject where a dĩiverſity of opinion prevails, it 
is requiſite that the writer ſhould be free from prejudice : Engineers have 
in general been charged with being inimical to the introduction of the ſyſ- 
tem of navigation ſo warmly recommended by Mr..Leach, Dr: Anderſon, 
and Mr. Fulton ; which, if eligible to the extent aſſerted by. thoſe Geatle- 
men, would have thrown deſerved cenſure on all who have been concerned. 
in the chief direction of public works: I ſhall, therefore, in an Appendix, 
ſhew by Extracts from ſome of ſuch of my Reports on projected Naviga- 
tions as have been printed, that I have been no way hoſtile to the leading 
principles of their plans, and conſequently, poſſeſs ſufficient impartiality to 
be PR by no other object than the n of truth. ä . 


The FRI ht from the whole that I have faid, is, that be 
ſyſtem of narrow Canals is uſeful in various inſtances, particularly for mi- 


nerals and all heavy articles not liable to damage from water, and much 


cheaper in particular ſituations; where the declivity of the country runs re- 
gularly tranſverſe to the general line of the navigation, and the falls are 


great; but, that for general purpoſes, and with the uſual circumſtances 
through which lines of Navigation run, the difference of expence between 
the two ſyſtems is leſs than might be imagined, and frequently more than 
_ counterbalanced by the difference of conveniences : alſo, that Mr. Fulton's 
boats are too narrow, even for the carriage of coals in bulk, to the quan- 
tity they ought to carry, and draw too much water- to produce the ſaving 


of occupation bridges: and that with the increaſe of width and other alter- 
ations recommended to fave occupation bridges, and to prevent the boats 


from e they would ſtill Ns compared with other boats, a 


gone? 


„ 
| greater power of horſes to move any given tonnage with FORTY fufficient | 
to keep them from driving aſhore with a ſide wind :—that they would 
not carry any due proportion of light or bulky articles :—and that any 
thing liable to be pilfered or damaged by water, would not be conveyed 
with equal ſafety : that the boats when travelling far upon land, as ſome- 
times would be requiſite with coals, lime, &c. would be liable to become 
very leaky: and that, in theſe inſtances, it would be better to convey 
thoſe articles in waggons to be carried in boats for the purpoſe ; and to 
ſubſtitute, in place of the narrow Canal, a ſhallow one a little broader — 
that Mr. Fulton's boats of 20 feet length, reſting only on two tranſyerſe 
axes, would be liable to ſtrain and become leaky, in the paſſage up and 
down the inclined planes that this circumſtance only admits of remedy 
from another inconvenience ; that of being much ſhorter, and the more of 
them requiſite to be coupled together to carry any given tonnage :—that, 
therefore, it will frequently be better to lay aſide the advantage of wheels 
affixed to the boats, and to follow the Dungannon and Coalbrook Dale 
ſyſtem of floating the veſſels over. ſtrongly framed carriages, on which 
they wall reſt even and free from ſtrains, and may, by the means deſcribed, 
be of much greater dimenſions than any that are now uſed on inclined 
planes: that great. Canals with Locks, and ſmall Canals with inclined 
planes may be made, wherever requiſite from ſcarcity of water or other 
cauſes, to coincide with each other, provided the great Canals be laid out 
in as long levels, and as great intermediate deſcents as conveniently practi- 
cable, occupying as ſhort a ſpace as may be by the Locks; and over- 
lapping the levels, ſo as to Join each ather in * places by inclined 


FR. 


In fine, Canals have been, and muſt ſtill continue to be, of dimenſions 
varied according to the form and ſpecies of the boats deſigned to navi- 
gate them: which ſhould differ, ſo as to coincide with the circumſtances of 
the country paſſed through; the nature of its commerce and products; 
and the Canals, and Rivers, or Lakes, that muſt eventually be navigated 


by the ſame veſſels. Thus no general ſyſtem can be adopted, and nothing 


extenſive can be determined on with propriety, without * aid of great ex- 
and abilities. 
Po abilities bw 4 ArrEx. 
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LSHALI. now proceed to the Interior Navigation, which, on account of 


Extratts 4 "a aer on the Improvement of the Harbour of Ark- | 
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the declivity of the ground through which the Canal muſt paſs, and alſo the 
rapid aſcent which has to be ſurmounted to, go even a moderate diſtance 
into the country, does not Avourably admit of being entirely carried on by 


the uſual means. 


» 


The ſteep face of the hills the Canal has to run along, will, neceffarily, 
confine its width, and produce a-fimilar effect on the width and depth of 


the boats; which will, likewiſe, in a certain degree, be limited in length 


* the ee of . curves round the oy. of the hills, 


Their dimenſions - to be 7 * width on the 1 5 feet- 


at the bottom, 3 feet 6 depth, and 40 feet extreme length: if properly 


built, they will carry upwards of 8 tons each, at 2 feet draught” of water, 


and about 11 tons at 2 feet 6. 


1 


The 


* I? . 
* © . 
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( 102) 


The ſize of Canal ſuitable to them, ſhould be 18 feet on the water line 
where. the banks. are ſteep, and in favourable ground 24 fect,. to admit two 
laden boats to:paſs ; wherever not ſo, for any conſiderable extent, it muſt, at 
convenient diſtances, be made that width for the length of a couple of boats. 
Where 21 feet wide, 3 feet 6 inches depth of water will be ſufficient ; and 
where .narrowet it ſhould be deeper; for, wherever the ſection of the Canal 
approaches nearly ſo low as only 3 to 1 of that of the boat, conſiderable 
inconveniencies ariſe both from the increaſed” reſiſtance of the boat, and the 
damage to the banks from the counter current to fill up the — the boat 
leaves in her rear. | 


In the p pPortian mentioned of 3 to 1, the increaſed bene to any 
uſual rate of going, will be nearly 24 * times what it would be in open 
water, as the boat muſt move 3 feet through the water for every 2 along 
the Canal bank, and the counter current along the banks will run with half 


the rapidity the boat goes along the land; from which may be conceived 


the tendency of narrow Canals to fill up by the waſhing in of their banks, 
and that the tracking againſt a moderate current in an open river, requires 
leſs force than the moving in ſuch a Canal, beſides poſſeſſing the advantage 
of favouring the boats in going downward. Theſe circumſtances I chiefly 


mention, becauſe the i 1 mall W ne will be a conhderable 00 l 


2 in 9980 river. 


Thoſe ee with the Cem of Wicklow, may reaſonably jet 


to the practicability of extending the Navigation far into the country, on 


account of the vaſt aſcent, which would be too expenſive to be overcome 
totally by Locks ; but on reflecting that the ſteep and winding face of the 


| hills neceſſarily confine to the uſe of ſmall boats, and that there are fitua- 
tions for aſcending at once 70 or 80 feet, or whatever heights may be ne- 
ceſſary to penetrate into the country, the difficulty will vaniſh ; and it will 


be found, that the means of n this work will be ſcarcely half as ex- 


— Metaeiformly fo, ha at a diſtance from the extremities of any level, the water in 
front will partly recede without riſing to its full oppoſition ; and that in the 1 rear, partly 
W ä 

| | | e 


(103) 
penſive as the uſual methods of penetrating ſo far, and aber fuck: 
heights in countries favourable for the common as of Na SEEN" 55 


Part of the "A pedal is * 7 pplesble to mountainous 5 countries,. 
which enjoy this peculiar advantage, that if the riſe of level be made on a 
point dividing two rivers, the aſcent enables both valleys to be navigated. 
This mode of Navigation has its limits in point of . 3 Wh in ge- 5 
neral, where extenſive, muſt be a mixed one. 


— 


 Extratts from a Report on the Meaſures to be attended to, in the Survey 


of. a Line of Navigation, me Nene Ine to the BY" 


Channel. | 
Newcaſtle, 1795. 


I 0 make a Branch Canal, to and through the mining*country, of ſimi- 
lar magnitude with that propoſed from ſea to ſea, would be 9 ex- 
penſive as well as unneceſſary. 


On the face of a mountainous country, where there are lünen bends and 
little ſoil, boats, from the firſt cauſe, ought not to be long; and, from the 
thinneſs of ſoil and declivity of the ground, the Canal would be expenſive 

to be either wide or deep. Bridges would alſo be coſtly, -not only from the 

expence of their erection, but the difficulty of filling their approaches on 


the downward” ſide. I therefore recommend a Canal of only 3 feet 6 
inches depth, and at every high and bye road, that there be a paved ford 


of 2 feet g inches depth; the downward fide of the ford to be an overflow, 
ſo that the water can never riſe materially higher, and horſes and carriages 
may at all times fafely paſs. The width and length of boats on this 
Navigation, I would adviſe to be half of what they will be on the main 
Canal; fo that, if found more eligible than re- ſhipping their cargoes into 


the large boats, four of "the ſmall ones may proceed together, and paſs 
through the Locks with the leaſt waſte of water that the ſeparate plans will 
admit PT \ Theſe boats ſhould be of the: conſtruction of the Birmingham 


rows 
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trows PETE ded and flat: b 


eh en note; ſhould only G 


© 6 inches Water Fade an eo at 32 feet length and 6 feet width „ 
carry, according to the form of their ends, from 8 to 10 tons each, when 
laden to ; feet 6 inches: four of them, which may be navigated with one 


horſe and four boys 7, will, at the leſſer quantity, carry 32 tons. Theſe 


boats ſhould be connected together in pairs, each hind one, as in the Lin- 
colnſhire Navigation, acting as a rudder to the fore one, in each of which, | 
from a ſmall maſt a IR. track-line may go to the ſwingle-tree of the 
| horſe, 


—_—— + : 8 « = * 22 „ P — * =y _ 4 4 n 
« 4 _ —— ad = * * * = mY 


In deſcending. from * line running 3 the lead country, which 
probably, ma be conſiderably higher than the branch from the ſummit of 


the main Canal, various meafures may be adopted, either paſſing the boats 
— inclined planes, as at Coalbrook Dale, or perpendicularly , if the 


dvantage of a precipice can be obtained, in each caſe a deſcending boat 


PR up an aſcending one, or by ſimple means of diſcharging the Car- 


goes of the boats of one level into thoſe of another. 


But if water be to be had, Lacks of a 3 and eaſy 8 may, 
in that country, be executed at nearly as little expence as the inclined 
planes and requiſite machinery, and not to lable to HM and . 
- nn from 


80 far as 3 to the ſmall boars. 8 to 8⁰ in a ids of four to- 
gether, they will jointly conſume the ſame quantity of water in paſſing ſe- 
| parately through one of their own ſingle Locks, as they will * paſſing col- | 
lected rn one of the large ones on the r main trunk. 


| J » If the decir of the ground ſhould limit the main Canal to boats of 12 feet width. 


4 A driver, two Hoes, and one to manage the top-ropes i in going i into a Lock. 


1 Similar in the leading features to the plan en ſuggeſled by Dr. James "Andes- 
ſon, in one of his late Publications, f 
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